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INTRODUCTION 

That there is a similarity between the 
process known as carcinogenesis and the 
process by which small, single-celled, free- 
living organisms become adjusted to un- 
favorable environments has been suggested 
by us in a series of papers (1, 2, 3, 4, 5). 
These studies were concerned with the 
mechanism of species adaptation of small 
organisms to carcinogenic agents and led 
us to the further suggestion that a cancer 
cell might be considered as a normal cell 
that has been able in some way to make 
a more or less successful adjustment when 
exposed to an unusual or unfavorable en- 
vironment over a period of time embrac- 
ing several or many cell-division cycles. 
The adjustment is successful only from the 
It is, 
of course, fatal from the standpoint of the 


standpoint of the cancer cell itself. 
host. It was also pointed out that the 
numerous clinical examples of a steplike 
derivation of malignant growth, the often 
very definite association of cancer with 
chronic irritation and chronic inflamma- 
tion, the prolonged incubation period in 
experimentally induced cancer, as well as 
the various precancerous lesions described 
by clinicians and pathologists, all seemed to 
fit in with the concept of gradualism as a 
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reasonable hypothetical mechanism in the 
genesis of cancer. 

In the early reports from the Imperial 
Cancer Research Fund, Bashford noted 
“the association of cancer with peculiar 
and very different forms of irritation.” He 
commented “that, as data increase from 
year to year, the mediate relation between 
irritants and cancer in particular sites 
of the body becomes more and more 
significant.” 

Recently, Murphy (6) has stated that 
the experimental results in the study of 
cancer offer definite support to the follow- 
ing conclusions: 

(1) Malignancy is a universal cell po- 
tentiality in that any cell has inherent in 
its make-up the potentiality for unlimited 
or uncontrolled growth. 

(2) The degree of this potentiality for 
malignancy is a variable quantity for each 
tissue or cell type, and this degree is de- 
termined largely, if not entirely, by heredi- 
tary or predisposing factors. 

(3) The maglignancy potentiality of a 
cell may be developed in the more sensi- 
tive groups by the strain of normal physio- 
logic processes but may be set off even in 
resistant groups by a variety of inciting 
agents. 
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(4) The change from a normal to a 
malignant cell represents an alteration in 
the cell itself, by virtue of which prolifera- 
tion becomes an automatic process inde- 
pendent of a continuously acting provoca- 
tive agent. 

5) The new property of the cell ap- 
pears to develop suddenly, and this be- 
comes a fixed character which is transmit- 
ted to all its descendants. It may possibly 
be the result of a somatic mutation. 

It should be noted that although “the 
new property of the cell appears to develop 
suddenly,” this in no way excludes the view 
that the sudden change may be the culmi- 
nation of, and the first manifestation as ‘a 
result of a series of subliminal stimuli which 
have extended through many cell divisions 
or cell generations. Inasmuch as the num- 
ber of physical and chemical agents found 
to induce cancers in experimental animals 
is increasing rapidly, it seems now well- 
established that there is no single inciting 
cause of cancer, and that “malignancy is a 
universal cell potentiality,’ at least in 


mammals. 
PRINCIPLE OF CONTINUOUS EXPOSURE 


For the past 4 years our experiments 

have been concerned with species adapta- 
tion of small organisms to carcinogenic 
agents in the belief, as stated in our first 
paper (/, p. 129), that— 
a systematic study of the action of carcinogenic 
agents upon free-living, single-cell, and small 
multicellular forms will ultimately throw much 
light upon the mode of action of these same 
agents upon mammalian tissues. 

At the present writing (April 1943) ob- 
servations upon three species of bacteria 
(Eberthella typhosa, Escherichia coli, and 
Streptococcus hemolyticus) , a parametium 

Paramecium multimicronucleatum) , and 


a flat worm (Stenostoma tenuicaudatum) 


have yielded data in repeated tests sup- 


porting what we have chosen to call the 


principle of continuous exposure. Thi 
principle, which at present has been found 
to be applicable to a few species only, ma 
be stated briefly thus: 

The continuous exposure of a species t 
a harsh or unfavorable environment ma) 
not be fatal to individual organisms for 
number of generations or cell-division cy- 
cles, but in due time all individuals of th: 
species will die. 


MATERIALS AND METHODS 


Although these methods have been de- 
scribed before, they are again outlined in 
part here for convenience and clarity (J, 
£. 2): 

Into 15-ml.-capacity pyrex-glass vaccine vials 
are placed 5 or 6 ml. of plain sugar-free broth 
Each vial is fitted with a rubber stopper which 
has a central depression or moat with a thin 
diaphragm at the bottom of the moat for the 
ready penetration of a hypodermic needle. 
The rubber stoppers are loosely fitted into place 
with a short cotton thread between the stopper 
and the mouth of the vial. Without this pre- 
caution the stoppers will be blown out when 
autoclaved at 15 pounds pressure for one-half 
hour. When removed from the autoclave and 
still warm, the cotton threads are withdrawn 
and the stoppers tightly fitted. 
there is usually a slightly negative pressure in 
each vial. This helps to preserve an air-tight 
seal. The vials are then incubated at 37° C. 
for 7 days. 


After cooling, 


In this way we have prepared about 
a thousand vials of sterile broth, and no con- 
taminations have occurred. 

One-milliliter-capacity tuberculin — syringes 
with 26-gage needles are employed for the 
inoculation and transfer of bacteria from vial to 
vial. The small-gage needles prevent the thin 
rubber diaphragm from being torn. Th: 
syringes and needles are cleaned with tap wate 
and 95 percent alcohol, thoroughly dried, 
placed in large test tubes with cotton stoppers, 
and autoclaved between usages. 

This method of serial transfer is believed to 
be exceptionally free from the possibility of air- 
borne contaminations and appears to be equally 
as safe as our pyrex-glass-box technique de- 
scribed elsewhere [(7)]. In fact, the method 
was tested by setting up 2 series of 100 vials eacl 
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ontaining sterile broth, and each day for 100 
onsecutive days one-half milliliter of broth was 
transferred by means of the sterile syringes from 

vial to the next in series. After 7 days’ incu- 
ation, no vials of either series displayed any 
srowths. In addition, a single vial was pene- 
trated each day for 30 consecutive days and 
yne-half milliliter of broth was withdrawn com- 
pletely and re-injected into the vial. In this 
case no precaution was taken to swab the stop- 
er with tincture of iodine which is our custom 
when cultures are transferred. No growth ap- 
peared in this vial after the 30-day period and 
after 7 days’ further incubation although the 
broth was capable of growing Escherichia coli 
with which it was finally inoculated. 

Figures | and 2 demonstrate the relative 
freedom of our technique from the chance 


of air-borne contaminations. 
RESULTS 
RESULTS WituH BacTERIA 


2 


Figure 3 displays our tests in which at- 


tempts were made to make daily serial 
transfers of three different species of bac- 
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teria by incubating all cultures at a tem- 
perature considerably higher than the 
optimum. It may be seen that there were 
15 separate series of tests, 3 on Eberthella 
typhosa, 9 on Escherichia coli, and 3 on 
Streptococcus hemolyticus. 

In making the daily transfers, each fresh 
sterile vial was first incubated for 20 min- 
utes at a high temperature before receiving 
one-half milliliter of inoculum from the 
previous vial in the series in order to make 
certain that the continuously multiplying 
species would never experience a teinpera- 
ture below that selected for any given test. 
After 24 hours’ incubation at the high 
temperature, and after the inoculation of 
the next vial in the series, each vial was 
then incubated at 37° C. for 2 or 3 days 
and finally stored at room temperature. 

Of the three typhoid series (A, B, and 
C) incubated continuously at 46° C., the 
disparity as to the day of death will be 
noted. The A series died on the thir- 
teenth day of transfer, while the B and C 
series died on the twenty-sixth and twenty- 
seventh days, respectively. An even greater 
disparity is noted in the three tests on 
streptococci which were incubated contin- 
uously at 42°. The B series died on the 
thirty-ninth day while the A and C series 
died very early, the third and fourth days, 
respectively. 

In the case of the nine tests on Escheri- 
chia coli, death time decreased as the tem- 
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perature at which the species was kept in- 
At 47° C., all three series died 
on the third day. At 46°, however, the A 
series survived 65 days, the B series only 
9 days, and the C series 16 days. 

The A, B, and C series of each organism 
were always planted from the same culture, 


creased. 


at the same time with the same amount of 
inoculum (0.5 ml.). At present, we offer 
no explanation for the differences in the 
observed survival times. 

The visible amount of turbidity in the 
last surviving vials was just as great after 
48 hours as in the first vials of the series, 
although a perceptible slowing up of 
growth as roughly measured by visible 
turbidity was apparent in the last few vials 
of the series during the first 24 hours’ 
incubation. 

These tests are relatively easy to carry 
out and have been repeatedly performed 
with the same results as recorded in figure 
3. Of course, the critical temperature for 
a given species must first be determined. 
If tests are first carried out at a fairly high 
temperature at which the strain will die 
out within a few days and then repeated 
at gradually reduced temperatures, the 
organisms will survive for longer and 
longer periods until finally a point some- 
what above the optimum will be reached 


where the species can be transferred daily 
for an indefinite period. 


In figure 3, the 
nine series on Escherichia coli (three at 47° 
C., three at 46.5°, and three at 46°) cer- 
tainly would suggest that at about 40° to 
+2° the species would continue to thrive 
indefinitely. Furthermore, it suggested to 
us that critical temperatures might be de- 
termined at which a progressive adaptation 
rather than the death of the species might 
be observed, provided the organisms were 
given alternate periods of growth at the 
optimum temperature. Thus the species 
would have time to recuperate from each 
exposure to the higher temperature. 
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Finally, it should be pointed out tha 
our three test organisms have been kept a 
stock cultures in the National Institute o! 
Health for years. Never have they failed 
to grow in ordinary beef-broth media at 
the optimum temperature (37° C.). 


Resutts WitH PARAMECIA 


A continuous exposure of a strain o! 
Paramecium multimicronucleatum to eosin 
(10 mg. per milliliter) resulted first in a 
stimulation of the species, as measured by 
high population levels, subsequently a 
gradual weakening, and finally death. 
This eosin-adapted strain was started on 
May 18, 1939, and survived for 102 trans- 
fers until May 29, 1942, a few days over 3 
years. Routine transfers were made every 
10 days, or 11° days when the date fell on 
a Sunday. For the last 20 or more trans- 
fers, the organisms were perceptibly smalle: 
and their movements far slower than the 
controls. At all times the cultures were 
protected from white light because day- 
light or ultraviolet will kill paramecia in 
the presence of eosin in a few hours. Six- 
teen control series of paramecia cultures, 
carried along at the same time, have not 
died. 

Another series of cultures of the same 
organisms have been exposed continuously 
to methylcholanthrene (1 y per milli- 
liter) for over 4 years (May 1939 to April 
1943). Progress reports on the changed 
behavior of these methylcholanthrene- 
exposed organisms have been made (2, 3). 
Briefly stated, the organisms displayed a 
greater survival time as determined by our 
survival tests (2) after the thirty-fifth 
After the fiftieth transfer th« 
population levels were repeatedly higher 
than control organisms of comparable age. 


transfer. 


These methylcholanthrene-exposed organ- 
isms have now reached the one hundred 
and fortieth transfer (June 1943); and 
although they are very small (apparently 
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one-half size), the population levels con- 
tinue higher than any of the control series. 

Figures 4, 5, and 6 show the daily popu- 
lations of eosin-adapted and control or- 
ganisms under identical conditions of par- 
tial starvation as described in our survival 
technique (2, 3). 

On the fifty-seventh transfer (fig. 4), the 
eosin-exposed organisms lived longer and 
reached higher population levels than 
did the controls. On the eighty-sixth 
transfer (fig. 5), the eosin-exposed orga- 
nisms failed to show any increase in popu- 
lation and died on the seventh day. On 
the ninety-sixth transfer (fig. 6), the or- 
ganisms decreased rapidly and died on the 
fourth day while the controls multiplied 
and survived for more than 15 days. 
This eosin-exposed strain could not be 
kept alive after the one hundred and 
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first serial transfer even under optimum 
conditions. , 

While the eosin-exposed organisms were 
finally destroyed in 3 years the methylchol- 
anthrene-exposed are still alive after 4 
years. The use of excessive amounts of 
methylcholanthrene or supersaturated so- 
lutions in which the crystals of the hydro- 
carbon were visible in the culture me- 
dia have, however, not destroyed either 
paramecia or bacteria, as far as tests were 
carried. 

The same concentration of phenan- 
threne (1 y per milliliter) destroyed pa- 
ramecia in less than 10 transfers. 

A fourth series of paramecia cultures 
was exposed continuously to crystal violet 
(1 part in 4,000,000 or 0.4 y per cubic cen- 
timeter). This test was started December 
11,1941. When the twenty-seventh trans- 
fer was 25 days old (October 5, 1942), a 
survival test revealed that the dye-exposed 
organisms multiplied readily and reached 
a higher population level than the controls 
but did not survive for so long a period. 
From the thirty-first to the thirty-eighth 
transfer the cultures were becoming pro- 
gressively weaker, and difficulty was ex- 
perienced in keeping them alive. Fre- 
quently transfers had to be made several 
times before the new culture would multi- 
ply. The thirty-ninth transfer did not sur- 
vive after repeated transfers from the 
thirty-eighth (January 14, 1943). 
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Resutts WitH Worms 

A culture of a flat worm, Stenostoma 
tenuicaudatum, received from Prof. William 
A. Kepner, Miller School of Biology, Uni- 
versity of Virginia, and identified by Dr. 
J. W. Nuttycombe, of the University of 
Georgia, was cultivated in 1,500-ml. cov- 
ered culture dishes, 1,000 cc. of media to 
each dish. 
every 14 days to a fresh dish, 12 organisms 
being used for each transfer. 


Each culture was transferred 


The popu- 
lations of all dishes were recorded at the 
end of 45 days. Beginning with the sixth 
transfer, the amount of culture media was 
reduced to 500 cc. so that the total popula- 
tion counts would not run excessively high. 

The medium is prepared by using 1 ml. 
of our basic stock paramecia media’ to 
1,000 ml. of distilled Twelve 
grains of wheat are added to each 1,000 cc. 
and brought to a boil for 1 minute. The 


water. 


freshly prepared medium is then poured 
into culture dishes and permitted to cool 
before the dish is inoculated with 2 cc. of 
media (without worms) from an old cul- 
ture. The worms are transferred the fol- 
lowing day. This permits the bacteria 
and small rotifers from the old culture to 
develop. The worms usually find suffi- 
cient food in the culture media, but the 
presence of rotifers seems to enhance the 
growth rate. 


| NaCl, 10.0 gm.; CaCl, 0.6 gm.; KCl, 0.4 gm.; 
HO (distilled), 100.0 ml. 


= = oO Se oe oe a 
FLAT WORMS 
TENOSTOMA TENUICAUDATUM ) 





CONTINUOUS ADAPTATION TO GAMMA 
RAYS OF RADIUM (355 MILLIGRAMS 

AND TO PHENANTHRENE (1 GAMMA 

PER M LLULITER) 


% = AMOUNT REOUCED 


Po 
\4 


¢ IRRADIATED 
4 ore 


i i 
~ 


ii | 

. | 

1 = =f J 

4 16 18 20 22 24 26 26 30 32 34 32 
ences 





FicureE 7. 


In figure 7 the organisms were trans 
ferred every 14 days over a period of lt 
months. The population census was take: 
regularly 45 days after inoculation of eac] 
culture dish. 

We have recorded the populations of th 
controls, the phenanthrene-exposed and th 
radium-exposed series (35 mg. of radiun 
in 7 platinum-iridium needles). Thes: 
needles were evenly distributed in small 
wire cradles on the bottom of the dishes. 
The phenanthrene was added in a solu- 
tion of benzene which was spread over th 
bottom of the dishes and permitted to dry 
thoroughly before the medium was added. 
Populations before the sixth transfer were 
not recorded because the first 5 dishes of 
each series contained 1,000 cc. and would 
not have been-comparable with subsequent 
counts in the 500-cc. dishes. It will be 
noted that the phenanthrene-adapted se- 
ries died on the ninth transfer. The or- 
ganisms in the first 8 transfers, extending 
over a period of 112 days, were apparently 
healthy and had increased in each dish 
reaching a population level of 230 organ- 
isms on the seventh transfer, which was 
higher than the corresponding transfer in 
the control series. 

The radium-exposed worms also showed 
considerable increase in population on th« 
seventh transfer but dropped to as low as 
13 organisms on the ninth transfer, barely) 
enough to inoculate the next dish in the 
series. On the tenth transfer 10 gm. of 
radium (2 needles) was removed, and 
thereafter the cultures were for a time more 
However, the series died out on 
the thirty-second transfer. 


vigorous. 


From the seventeenth to the twenty- 
second transfer the populations of the con- 
trol series were also very low but always 
contained enough organisms to transfer at 
the end of each 14-day period. It is be- 
lieved these low counts were ascribable to 
the absence of rotifers at that time. We 
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ave no explanation for the extremely 
1igh count of the control on the eleventh 
transfer. 

Although the population counts were ai 
ill times extremely variable, the tests are 
certainly suggestive that this species when 
continuously exposed to unfavorable 
agents seems to have been little affected 
at first and may even have been stimulated 
to some extent, but finally the species was 
not able to survive. 

A methylcholanthrene-exposed _ series 

1 y per milliliter) of worms which was 
carried along at the same time but not 
recorded in figure 7 yielded very high 
population levels, remaining higher than 
the controls at all times from the ninth to 
Both the con- 
trols and the methylcholanthrene-exposed 


the twenty-ninth transfer. 


worms were alive and vigorous on the fifty- 
seventh transfer, more than 2 years after 
the tests were begun. 


DISCUSSION 


It should be remembered that bacterial 


species, as a rule, are maintained by simple 


cell division without any evidence of a 
sexual cycle. Although some observers 
have described sexual cycles in these forms, 
it has not been generally confirmed or 
accepted. On the other hand, conjuga- 
tion is frequently seen among paramecia 
strains. It was observed by us frequently 
in both our control strains and those ex- 
posed to the various agents mentioned. 
As the treated strains became weaker from 
continuous exposure, fewer and fewer con- 
jugants were observed and seemed to have 
disappeared entirely before the species died 
out. No manifestation of a sexual cycle 
was ever observed in our strains of worms. 
Regardless of the presence or absence of 
sexual reproduction, the various species 
employed behaved essentially alike when 


exposed continuously to unfavorable envi- 
ronments over long periods of time. The 
failure of the carcinogen, methylcholan- 
threne, to destroy either bacteria, para- 
mecia, or worms, in no way invalidates the 
principle of continuous exposure. Phe- 
nanthrene, which is a noncarcinogenic 
agent and equally as insoluble as methyl- 
cholanthrene, destroyed both worms and 
paramecia in less than 10 transfers. At 
present, it is not possible for us to know, 
prior to testing, whether or not a chemical 
substance in a given concentration can be 
considered as a favorable or an unfavor- 
able environment upon a given species. 

It should also be remembered that it is 
difficult to differentiate an individual per 
se from an individual as an integral part 
of the species. Nevertheless, our data 
seem to suggest that the dose of various 
chemical 


agents (phenanthrene, eosin, 


crystal violet) and of various physical 
agents (temperatures above the optimum, 
gamma rays of radium) required to kill an 
individual of a species is greater than that 
required to destroy the species, provided 
the exposure is continuous over a sufficient 
number of generations. The data also 
suggest a cumulative effect upon the suc- 
ceeding generations of these organisms. 


SUMMARY 


Studies upon three species of bacteria 
(Eberthella typhosa, Escherichia coli, and 
Streptococcus hemolyticus), a species of 
paramecia (Paramecium multimicronu- 
cleatum), and a species of flat worms 
(Stenostoma tenuicaudatum) seem to sup- 
port the principle of continuous exposure 
as defined. 

It seemed now obvious to us that discon- 
tinuous exposure of species to unfavorable 
environments as compared with continu- 


ous exposure might prove interesting. 
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Principles of Species Adjustment 
II. Discontinuous Exposure 


By R. R. Spencer, chief, M. B. MELRoy, assistant bacteriologist, and DoroTuy CALNAN, 
junior bacteriologist, National Cancer Institute, National Institute of Health, United 


States Public Health Service 


Since the continuous exposure of three 
species of actively multiplying bacteria to 
high temperatures and the continuous ex- 
posure of paramecia and worms to certain 
chemicals had invariably resulted in the 
death of all individuals of these species 
after a considerable number of genera- 
tions, it seemed reasonable to assume that 
an alternating or discontinuous exposure 
of a species to an unusual environment 
might result in a gradual adaptation. The 
data here recorded support this hypothesis 

For the present it was thought best to 
concentrate our efforts upon bacteria and 
to limit the type of unfavorable environ- 
ment to changes in temperature rather 
The rea- 


sons for this decision were: (1) The ra- 


than by exposure to chemicals. 


pidity of cell division of most bacteria 
under optimum conditions; (2) tempera- 
tures can be held constant easily and 
accurately by thermostatically controlled 
incubators; (3) chemical environments 
are not easily controlled or held in constant 
concentration; (4) chemicals may dete- 
riorate, be absorbed by or broken down by 
the living cells; (5) when transfers of or- 
ganisms are made, it is practically impos- 
sible to carry over an inoculum from one 
culture vial to the next in series without 
transferring at the same time traces of 
the chemical constituents; such technique 
could not be called a strictly alternating 
exposure; and (6) fluctuations in tem- 
perature are perhaps the most common 
and universal environmental changes in 
nature to which living things are subjected. 

556830 


4°} 2 


The materials and methods here em- 
ployed are, in general, identical with those 
described in the first paper of this series 
(1). The results charted in the two figures 
1 and 2 warrant, we believe, the posing of 
our second principle: 

By discontinuous or alternating expo- 
sure a species can successfully adapt to the 
same and by degrees to a greater intensity 
of the same environment that is fatal when 
the exposure is continuous. 

RESULTS 

In figure 1, A, are charted the daily 
transfers of Escherichia coli beginning 
with the twenty-seventh day, at which time 
the strain was incubated first at 45° C. for 
24 hours. The first 26 serial daily transfers 
had been incubated at 37° for 24 hours, 
and just before transferring to the next 
vial each culture had been completely 
immersed in boiling water for 10 seconds. 
Beginning with the twenty-seventh trans- 
fer, the following odd-numbered cultures 
were incubated at 45° and the even-num- 
bered at 37° for 24 hours each. The sixty- 
first culture was the first to be incubated 
at 47.5°; the one hundred and seventy- 
fifth was the first to be incubated at 49°; 
and the three hundred and eighty-sixth was 
the first to be incubated at 50°. This series 
is still being alternately incubated daily 
between 37° and 50° and has now reached 
the four hundred and sixtieth daily trans- 
fer. It is still a gram-negative, motile 
bacillus which agglutinates in E. coli im- 
mune serum in a dilution of 1 : 640. 
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In figure 1, B, are charted 14 Esche- 
richia coli series that were transferred daily 
and exposed continuously to a tempera- 
ture of 47° C. All of the first 10 controls 
died in 3 days, a result identical with pre- 
vious tests upon normal E. coli when ex- 
posed continuously to this temperature. 
In contrast the last 4 series (Nos. 11, 12, 
13, and 14) were inoculated from the four 
hundred and twentieth vial of the heat- 
After 
surviving 50 days of continuous exposure 
to 47 
were proven to be pure cultures of EF. coli 
Whether or not 
these heat-adapted organisms would have 


adapted series recorded under A. 
, the organisms in these four series 
by specific agglutination. 


lived indefinitely at 47° is, of course, not 
known. They had not perceptibly weak- 
ened during the 50 transfers, as measured 
by the degree of turbidity, but the growth 
was never so heavy as that of normal 
cultures. 
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Inasmuch as the inoculum employex 
was always the same (0.5 ml.) and all o 
the first 10 control series were plante< 
from a 24-hour broth culture of Escherichi 
coli, a total of 5 cc. or at least 5 billio: 
organisms were planted, and none of then 
or their progeny were able to survive be 
yond the third transfer at 47° C. It woulc 
seem that this excludes the possibility that 
the survival of the last 4 heat-adapted series 
of E. coli for 50 days at the same tempera- 
ture was due to a process of selection of | 
or more organisms and their progeny from 
the A series that were capable from the be- 
ginning of withstanding a temperature of 
50° for 24 hours. In further support of this 
contention, it should be pointed out that 
when the A series was growing well at 
47.5°, repeated attempts failed to obtain 
growth at 49°. It was not until the on 
hundred and seventy-fifth transfer that the 
strain would survive for 24 hours at 49 
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Likewise, when successful growth was ob- 


tained at 49°, many subsequent attempts 


to grow the strain at 50° ended in failure. 
Successful growth and viable organisms, 
withstanding 50° for 24 hours, were not 
obtained until the three hundred and 
eighty-sixth daily transfer, more than a 
year after the discontinuous heat-exposure 
The results, there- 
fore, suggest a gradually and cumulatively 
acquired ability over thousands of cell- 


process was started. 


division cycles to endure and thrive at 
a temperature of 50 Unquestionably, 
however, potentially heat adaptable cells 
and their progeny did undergo a gradual 
process of selection. 

In figure 2 are charted the results of 
four additional series of transfers employ- 
ing another species, Eberthella typhosa. 
All four series, A, B, C, and D, were started 
from the same 24-hour broth cultures on 
the same day. The amount of inoculum 
transferred was always 0.5 ml., and sterile 


The first 


series, A, served as a control and was incu- 


tuberculin syringes were used. 
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bated continuously at 45° C. As expected 
with continuous treatment, the organisms 
finally failed to grow. There 
growth in the forty-sixth vial. 

In series B, C, and D, however, the 
organisms were rhythmically exposed to 
high temperatures starting at 45°. It will 
be noted that series B incubated every other 
day at a high temperature was still alive 
and thriving at the four hundred and 
thirtieth transfer, at which time it was 
being exposed to 50° on alternate days. 
However, the even-numbered vials incu- 


was no 


bated at 37° have grown more vigorously 
and shown greater turbidity than the odd- 
numbered vials incubated at 50°, and the 
organisms in the four hundred and thir- 
tieth transfer of the B series were still gram- 
negative motile rods which agglutinate in 
specific Eberthella typhosa immune serum 
in a dilution of 1: 1280. 

Series C and D were incubated at high 
temperatures every 2 and 3 days, respec- 
tively. Series C died on the seventy-sixth 
transfer or the one hundred and fifty-sec- 
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ond day. Series D died on the twenty- 
fourth transfer, or the seventieth day. 
The survival of the B series and the death 
of series C and D demonstrate, as one 
would reasonably expect, the importance 
of the duration of the exposure to and the 
interval of rest or freedom from high 
temperatures. However, in contrast with 
the A series, there may be seen definite 
evidence of adjustment in each of the three 
rhythmically exposed series. 

In the C series the next morning after 
inoculation, the seventieth transfer was 
found with the rubber stopper blown out 
because of the formation of gas. Gram- 
positive as well as gram-negative organisms 
were observed in the smears. 

This series was continued, however, by 
going back and planting again from the 
sixty-ninth vial. The stoppers were now 
prevented from blowing out by removing a 
considerable amount of the air with a ster- 
ile hypodermic syringe. Nevertheless, the 
growth failed to appear six transfers (12 
days) later in vial 76. Upon analysis the 
gas formed proved to be CO: The stock 
broth medium used was sugar-free except 
perhaps for small traces of muscle sugar. 
Up to and including vial 69, stained smears 
had been made nearly every day at the time 
transfers were made and when each culture 
was only 24 hours old. Weeks later, when 
the cultures in this series had aged con- 
siderably, gram-positive forms could be de- 
monstrated in many vials from the twenty- 
fifth to the seventieth, but not in all. This 
gram-positive form could not, however, be 
isolated from the normal typhoid organisms 
in the cultures. When plated out repeat- 
edly only one type of typical typhoid col- 
ony was observed, but smears would show 
here and there a gram-positive form. Fi- 
nally it was found that by heating such 
mixed cultures to 56° for 1 hour, trans- 
fers would then invariably fail to grow on 


agar slants; only an occasional transfer 
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would grow in plain broth, and a great ma 
jority of transfers to broth covered wit! 
oil (anaerobic) would yield a good growth 
Examination of the smears of such brot! 
cultures still showed mixed gram-positiv: 
and gram-negative forms. This strain 
which had been separated from the norma 
typhoid organisms by heating to 56° for | 
hour, has never grown on agar surface 
either under aerobic or anaerobic condi 
tions. Such behavior is unlike air-con- 
Furthermore, the 
broth cultures of this strain die out when 


taminating organisms. 


left for a few weeks at room temperature 
It is not agglutinated by specific Eberthella 
typhosa antiserum, is nonmotile, and fer- 
ments the following sugars with acid and 
gas formation: dextrine, dextrose, galac- 
tose, glycerol, inisitol, inulin, lactose, levu- 
lose, maltose, mannose, raffinose, starch, 
sucrose, and trehalose. Indeed, gas is fre- 
quently formed in sugar-free broth; and 
although growth will not occur when 
planted heavily on agar surface, the inocu- 
lum seeps down between the glass tube and 
the agar where some growth does occur, 
and the sugar-free agar is split into numer- 
ous parts by gas formation. Another strik- 
ing characteristic of this organism, as com- 
pared with the normal £. typhosa from 
which it apparently arose, is the rapidity 
of growth and the accelerated rate of cell 
division in broth. Within 2 or 3 hours 
there is marked turbidity as compared with 
control typhoid cultures. Its behavior and 
general characteristics do not fit that of any 
organism classified in Bergey’s Manual of 
Determinative Bacteriology. We have ten- 
tatively labeled this organism a “mutant” 
for the lack of a better term. It seems to 
be a permanently altered form which has 
not reverted to the original typhoid strain 
It is recognized that the term “mutant” im- 
plies, to the geneticist at least, a chromoso- 
mal change in an organism that undergoe 
a sexual cycle. Sexual cycles and chromo 
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somal structures have not been convinc- 
ingly demonstrated for bacteria. 

By following closely the same technique 
and employing the same 2-day-rhythm ex- 
posure (fig. 2, C), we have failed to obtain 
this or similar mutants from Eberthella ty- 
phosa. In one instance the organisms died 
on the sixteenth transfer; and in the other, 
on the eighteenth transfer (36 days). 


DISCUSSION 


It is believed that our data in this and 
the preceding paper (/) upon three spe- 
cies of bacteria represent the first con- 
trolled experimental results which have 
contrasted the striking difference in the 
end results of a continuous as compared 
with a discontinuous exposure of actively 
multiplying species to unusual environ- 
On the one 
hand, the result is fatal to the species 
but not immediately fatal to individuals 
On the other hand, the 
species is able to adjust successfully to 
the new environment and by degrees to 
higher intensities of the same environment. 
Whether or not these principles can be 
experimentally demonstrated to hold for 
higher forms we do not know. It seems 
reasonable to assume that they do, for 
fluctuation or rhythmicity of environmen- 


ments of the same intensity. 


of the species. 


tal factors is a universal experience of all 
living things. Periods of rest, recupera- 
tion, or regeneration seem to be essential 
to survival in the process of adaptation for 
either the individual or the species. On 
the other hand, continuous exposure to an 
unfavorable or unusual environment of 
even low intensity precludes a period of 
rest or freedom from a specific environ- 
mental factor and thus may be fatal. Very 


likely a species exposed even continuously 


to unfavorable environmental conditions of 
extremely low intensity or: to toxic sub- 
stances in extremely dilute amounts can 


adapt to such conditions. Nevertheless, 
our tests indicate that certain conditions 
which are apparently harmless throughout 
the normal life span of an individual may 
be fatal finally to the species by means of 
cumulative effects. What these appar- 
ently gradual and steplike changes are 
remains to be investigated. 

In this connection it is recalled that 
Magoon (2), of the United States Depart- 
ment of Agriculture, Bureau of Plant In- 
dustry, showed that, contrary to the com- 
monly accepted idea, bacterial spores once 
formed have a fixed resistance, have in 
reality a resistance which varies with age 
and with the conditions under which the 
spores exist. He was able to demonstrate 
that bacterial spores of Bacillus mycoides 
derived from heat resistant survivors in 
thermal-death-time tests possessed higher 
resistance to heat than did the original 
spores, and by a process of selection a strain 
of bacteria was obtained of which the 
spores attained a resistance to heat at least 
25 times that of the original spores. Ma- 
goon was interested in determining the 
heat necessary to destroy spore-bearing 
organisms in canned goods. 

Armstrong (3), of the United States 
Public Health Service, attempted to de- 
velop a vaccine virus that would keep at 
room or body temperatures. He exposed 
the virus to incubator temperatures (37.5° 
C.) and by continued selection and propa- 
gation of the virus in the rabbit was able 
to develop a strain which showed an “in- 
crease of several hundred percent in the 
period of time during which it will with- 
stand a temperature of 37.5° C. and still 
give typical skin takes on rabbits.” A 
notable increase in the virulence of the 
virus for animals was also noted, and this 
feature deterred him from employing the 
strain in man. 

Neither Magoon nor Armstrong men- 
tioned the principle of rhythmic exposure 
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to an unfavorable environment as a pos- 
sible factor of broad application in the 
study of the mechanism of species adap- 
tation, although their technique involved 
this principle. 

Huntington (4) is the only investigator 
of whom we are aware, who has presented 
data and observations emphasizing the 
importance of an alternating environment 
Huntington’s thesis is that 
the highest human civilizations have arisen 


upon a species. 


only in areas where there is an alternating 
climate. Continuously hot or continuously 
cold climates are enervating; a changeable 
climate is stimulating. A thorough search. 
of the biologic literature may reveal other 
examples that, in the light of our ex- 
periments, may now suggest the general 
biologic importance of rhythmic exposure 
to unfavorable environments. 

Hegarty and Randall (5) found that by 
serially transferring Escherichia coli in 
nutrient broth every 4 hours (thus keep- 
ing the organisms in the logarithmic phase 
of growth and obliterating the lag phase) 
the strain died out after the forty-second 
It was concluded that the “lag 
phase was a rejuvenation process as orig- 
inally suggested by Sherman and that it is 
necesary for the continued growth of a 


transfer. 


bacterial culture.” In the light of our 
experience, it would seem equally reason- 
able to interpret the dying out of the species 
as being due to the fact that the bacterial 
cells were never permitted to age or mature 
but were kept continuously in an actively 
The conditions of the 
experiment placed the burden of carrying 


multiplying phase. 


on the species upon young, immature cells 
only. Respite from active multiplication 
and maturity seem to us to be more likely 
as “necessary to the continued growth of 
a bacterial culture” than the lag phase. 
Finally, we suggest that the genesis of 
cancer in the organized tissue cells of 
mammals may involve a mechanism not 
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unlike that we have here demonstrated in 
the case of free-living, single-cell forms. 

In fact, Cramer and Stowell (6), in a 
recent publication appearing since our tests 
were completed, have shown that skin 
cancer can be induced by much smalle1 
doses if the applications of methylcholan- 
threne are made at long intervals, such as 
1 month. The continuous exposure of the 
skin of the mouse, which involves relatively 
large total doses in order to induce skin 
cancer, is not essential. 

Investigators in the field of cancer have 
always insisted that chronic irritation alone 
is not sufficient to explain the genesis of 
cancer since some of the most irritating 
chemicals have not been shown to be car- 
cinogenic and some of the least irritating 
are known to be highly carcinogenic. It 
is our belief that by properly utilizing the 
discontinuous method of exposure many 
substances which cause sublethal injury 
may be found to be carcinogenic, although 
heretofore they have not even been sus- 
pected of having carcinogenic properties. 
Experiments now being carried on at this 
laboratory by Dr. Eschenbrenner * will re- 
veal the application of the discontinuous 
principle in testing the carcinogenicity of 
toxic substances of simple but diverse 
chemical structure. 


SUMMARY 


Data are presented on two species of 
bacteria, Eberthella typhosa and Escheri- 
chia coli, in support of the principle that 
discontinuous exposure of an organism to 
an unfavorable environment (high tem- 
peratures) results in a gradual adaptation 
of the species. Whether or not such 
adaptations will regularly or merely oc- 
casionally result in permanent changes in 


*To be published in the next issue of this 
Journal. 
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structure and function is not known at 


present. 
recorded. 


At least one such change is here 
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A possible connection between the adap- 
tive process in bacteria and the carcino- 


genic process in mammals is suggested. 
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Experimental Chemotherapy of Tumors 
in Mice 


By FLtoyp C. Turner, senior surgeon, National Cancer Institute, National Institute of 


Health, United States Public Health Service 


Experiments on the chemotherapy of 
cancer are, perforce, largely empirical 
since facts concerning the causes, biology, 
and biochemistry of neoplastic growth are 
few and confusing. A large number of 
chemicals has been tested for tumor-inhib- 
iting qualities with discouraging results 
1-11). Despite the absence of logical 
approach, the successes of chemotherapy 
in other fields stimulated the undertaking 
of a program on the chemotherapy of 
Since 1936 a total of 977 
substances and mixtures of substances has 


tumors in mice. 


been tested in 18,395 tumor-bearing mice. 
No effective remedy has been found, but it 
is felt that a summary of part of these in- 
vestigations is appropriate since the work 
has been temporarily suspended. 


MATERIALS AND METHODS 


Investigations in the chemotherapy of 
cancer involve several factors: (1) The 
materials to be tested; (2) the test animal 
and the test neoplasm; and (3) the method 
of administering the test material. 


Test MATERIALS 


The present status of our knowledge of 
the neoplastic process necessitates an em- 
pirical selection of the chemicals to be 
tested. Essentially, the choices are based 
on the hope that a compound may be en- 
countered that will selectively injure and 
ultimately destroy neoplastic tissues and 
yet be relatively harmless to the normal 


cells of the body. 


The substances tested were usually cho- 
sen with the hope of affecting some specific 
system in the neoplasm. For example, a 
series of phenanthrene derivatives were 
tested (1/2) because they are related to 
colchicine, which affects mitoses, and be- 
cause mitoses are more frequent in tumors 
than in normal adult tissues. Other se- 
ries of compounds were tried because they 
were known to inhibit certain enzyme sys- 
tems or enzymes that depend on -—SH 
groups for activity. Since the results were 
negative, a report on pre-experimental at- 
tempts to give a rational basis for the use 
of the compounds seems unnecessary. 

The test materials were dissolved or sus- 
pended in distilled water or physiologic 
saline solution, in such concentrations that 
0.5 cc. or less was the total volume injected. 
Some of the long-chain hydrocarbons were 
liquefied by gentle heat and dispersed by 
the use of Metamucil, which contains a 
mucilloid from psyllium seed and a dex- 
trose. The majority of the naphthalene, 
anthracene, and benzanthracene deriva- 
tives were dissolved in filtered lard. 


Test ANIMALS AND TUMORS 


The availability and the ease of mainte- 
nance make the mouse a desirable animal 
to use in experiments that require large 
numbers of animals. Also, in the mouse 
there is a wide variety of spontaneous, in- 
duced, and transplanted tumors 
which selection can be made. 


from 


Mice with cancer of spontaneous origin 
appear to be most desirable for therapeu- 
tic experiments since under such conditions 
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the neoplasm arises from the host tissues 
and is subjected to the normal influences 
of the body metabolism. Mice with spon- 
taneous tumors were used when available; 
in all, 2,568 such animals were used in 351 
tests. Nearly all of the tumors were found 
They 
occurred in mice of strains C3H, A, Swiss, 


and dba, and in hybrid mice. Rates of 


growth and of spontaneous regression were 


to be mammary adenocarcinomas. 


determined in 2 strains. No spontaneous 
regressions were observed in 46 C3H mice 
or in 56 Swiss mice; however, other experi- 
ences indicate that a small percentage of 


subcutaneous tumors in Swiss mice under- : 


goes spontaneous regression. 

The great majority of these experiments 
were performed on mice bearing trans- 
planted tumors because they can be pro- 
duced quickly in any desired number. 
Sarcoma 37 in strain A backcross mice, 
implanted directly into the skin of the 
abdomen according to a technique previ- 
ously described (12), was used to the great- 
est extent. The regression rate of sarcoma 
37 in these mice was found to be 12 percent 
other 
transplanted subcutaneously into mice of 


in 220 animals. Seven tumors, 
strains in which the tumors originated, and 
sarcoma CR 180 in strains A, C, C3H, and 
dba mice were also used: mammary adeno- 
carcinoma and glioma in strain C3H mice, 
pulmonary intestinal 
adenocarcinoma and leukosis 72942 in 


adenocarcinoma, 


strain A mice, salivary squamous-cell carci- 
noma in strain C mice, and leukosis Y 103 
None of 
spontaneously. 
Mice of both sexes were used at random 
and were 1 to 3 months old at the time of 
inoculation. 


in strain dba, subline 212, mice. 


these tumors regressed 


All animals were maintained 
on Purina dog chow pellets and had access 
to an unlimited supply of water. In all, 
15,827 tumors 
were used in 1,250 tests, or an average of 


mice with transplanted 


{2 mice per test. 


Test METHOD 


The usual method of testing the thera- 
peutic effect of compounds upon experi- 
mental tumors was by the injection of the 
substance at a site distant from the tumor. 
Since general therapeutic effects were de- 
sired, it is obvious that the injection of 
material into the tumor itself would not 


fulfill the requirements of the test. 


The injections were usually intraperi- 


toneal, although in some tests the sub- 
cutaneous, intravenous, oral, and inhala- 
tion routes also were used. The effect of 
a single injection (of various concentra- 
tions) was usually tried first to determine 
tolerance. Subsequently, the injections 
were given daily (except Sundays) and 
were continued until the death or impend- 
ing death of the tumor-bearing mice. The 
dosages used were as large as the mice 
would tolerate, usually about 50 percent of 
the minimal lethal dose, although the doses 
were adjusted from time to time to the tol- 
erance of the animals. The size of the dose 
was occasionally limited by the amount of 


available material. 
RESULTS 


Table | summarizes the results obtained 
with 132 compounds that were given re- 
peatedly to mice bearing spontaneous 
mammary carcinomas. It is impractical to 
present the results on the transplanted 
tumors and the effects obtained with single 
injections of other compounds since on the 
The de- 


sired result was the total and permanent 


whole the results were negative. 


regression of the tumor in a healthy ani- 
mal, but other effects were also recorded. 
The slowing of the rate of growth of the 
tumors was considered significant only if 


the animals remained in good condition. 





EXPERIMENTAL CHEMOTHERAPY OF TUMORS IN MICE 


TABLE 1.—Experimental treatment of spontaneous mammary tumors in mice 





Number 
of in- Route ! 
jections 


Number Dose per 


Chemical Strain of mouse — ‘of mice | injection 


Inorganic compounds: Milligrams 
Copper oxide ) a 
Copper sulfate "3H, 05 

Do .05 
Iron, colloidal 2.5 
0 by 05 
Sodium chloride 
Sodium selenite ‘3H, ; 05 
Do Ol 
Water, distilled 
Organic compounds: 
Aliphatic 
Acetone Swiss 
Aerosol O. T. (dioctyl sodium sulfosuccinate 
n-Arachidie acid Swiss 
Azelaic acid 
Calcium pantothenate 7 Swiss 
Caprice acid Swiss 
Caprylie acid 
Cerotie acid 
Chlormethylmercury chloride 


ino 


0 

Diselenobisacetie acid 
Erucie acid 
Formaldehyde gas 
Glucose 
d-Glutamic acid 
Glycine d 
Heptylic acid 3H, dba 
a-Hydroxylauric acid 3H, Swiss 
a-Hydroxymyristie acid ; ‘ Swiss 
aHydroxypalmitic acid 
12-Ketostearic acid "3H, Swiss 
Margaric acid x Swiss 
Mesity] oxide 
Methylhexylketone 
Methyl-n-dodecylacetic acid dba 
Myristice acid s Swiss - - 
n-Nonadecanoic acid “ Swiss 
Nonylaldehyde y 
Octylaldehyde 
Palmitic acid_- C3H 
Pelargonic acid Swiss 
n-Pentadecanoic acid do 
n-Propyl-n-tetradecy lacetic acid C3H, Swiss 
Putrescine C3H 
Sebacice acid C3H 
Stearic acid .-| C3H, Swiss 
Tetrabromostearic acid C3H 
Tridecylic acid 
Triethanolamine 
Triethanolamine hydrochloride 
Undecy] aldehyde 
Undecylic acid 
Urea 7 

Simple benzene, naphthalene, and anthracene deriva- 

tives: 
4{-A mino-2-methyl-1-naphthol "3H, Swiss 
1-A mino-2-methyl]-1-naphthol hydrochloride "3H, Swiss 
1-A mino-2-naphthol-4-sulfonic acid __- "3H, Swiss 
p-C hloromercuribenzoic acid 
Diformaldehydesulfoxylate diaminoph enylsulfone 
Di-a-naphthyldianisylethane "3H, Swiss 
Insa (monoethanolamine salt of 7-iodo-1-hydroxy- 
naphthalene-3, 6-disulfonie acid. 

o-Mercuribenzoic anhydride . C3H, Swiss 
Metaphen (4-nitroanhydro-hydrox ymercuri-o-cre- 5 


Pho eI 


IP. 
Inhaled 
IP. 


NOS 


sc. 


O15 D1 © 


Iew sh we IOS 


4 


Do. 


ee et 


S ww 


IMOMINNWSWsIBHnwws 
Prowre 


oe 


Inhaled 
IP. 


sc. 


“1S nw eos 


te 
—to 


SOL). 
p-Methylaminophenol sulfate 
9-Methylanthracene 
Neoprontosil 
4-Nitro-4’-acetylaminodiphenylarsinie acid 
4-Nitro-4’ acetylaminodiphenylarsinoxide 
4-Nitro-4’-aminodiphenylarsinie acid 
4-Nitro-4’-aminodiphenylsulfide 
4-Nitrophenylarsonic acid 
Trypan blue 


See footnotes at end of table. 
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TABLE 1.—Experimental treatment of spontaneous mammary tumors in mice—Continued 





Number 
of in- Route ! 
jections 


Number Dose per 


Chemical Strai se Saal 
. train of mouse of mice injection 


Organic compounds—C ontinued. 

Phenanthrene derivatives Milligrams 
2-Acetoxy-7-acetyl-9,10-dihydrophenanthrene ‘3H 5 
3-Acetox yphenanthrene-4-aldehyde "3H, Swiss 
9-Acetyl-s-octahydrophenanthrene "3H, Swiss 
9-(2-amino-1-hydroxyethy])-3-0c tah y drophenan- "3H 

threne hydrochloride. 
3-(2-amino-1-hydroxy-n-propyl)-phenanthrene hy- “3H 
drochloride. 
9-Aminomethy! phenanthrene hydrochloride 
9-(2-amino-l-oxopropy]) -s-octahydrophenanthrene Yd Swiss 
hydrochloride 
2-(2-amino-l-oxopropyl)-phenanthrene hydrochlo- ‘3H 
ride. 
3-(2-amino-l-oxopropyl)-phenanthrene hydrochlo- "3H 
ride. 
3-(2-bromo-1-oxopropy!)-phenanthrene 
3-(2-diethylamino-1l-oxoethy])-phenanthrene ‘3H 
3-(2-diethylamino-l-oxoethyl)-phenanthrene hy- 
drochloride. 
3-(2-dimethylamino-l-oxopropyl)-phenanthrene- C3H 
hydrochloride. - 
9-(2-dimethylamino-l-oxopropy! )-phenanthrene C3H 
hydrochloride 
3-(2-ethylamino-1l-oxopropyl)-phenanthrene hydro- (3H, Swiss 
chloride. 
9-Ethylphenanthrene C3H 
2-H ydroxy-7-acety!-9,10-dihydrophenanthrene C3H 
3-Hydroxy-6-acet ylphenanthrene C3H, Swiss 
2-(1-hydrox yethyl)-phenanthrene C3H 
-(1-hydroxyethy]!)-phenanthrene C3H 
-(1-hydrox yethy])-phenanthrene , C3H 
-Hydrox yphenanthrene-l-aldehyde C3H 
-Hydroxyphenanthrene-10-aldehyde C3H, 
-Hydroxy-7-propiony]-9,10-dihydrophenanthrene  C3H 
-(2-isonitroso-1-oxopropy])-phenanthrene C3H 
3- Methoxy-f-acetylphenanthrene C3H, 
3-Methoxy-9-(2-dimethyamino-1l-oxoethyl)-phenan- C3H 
threne hydrochloride. 
3-(2-methylamino-1-hydroxy-n-propyl)-phenan- | C3H 
threne hydrochloride. 
2-(2-methylamino-l-oxopropy])-phenanthrene hy-  C3H 
drochloride 

3-(2-methylamino-l-oxopropyl)-phenanthrene hy- | C3H, 

drochloride. 

9-(2-methylamino-l-oxopropyl)-phenanthrene hy- Swiss 

drochloride. 

Phenanthrene C3H 

Phenanthrene-9-carboxylic acid C3H 

2-(2-piperidino-1-hydroxyethyl)-phenanthrene hy- | C3H 

drochloride. 

2-(2-piperidino-1-hydroxy-n-propyl) phenanthrene... C3H 

2-(2-piperidino-l-oxoethy])-phenanthrene hydro- | C3H 

chloride 

3-(2-piperidino-l-oxoethyl)-phenanthrene hydro- | C3H, Swiss 

chloride. 

9-(2-piperidino-l-oxoethy!)-phenantrrene hydro- | C3H 

chloride 

3-(2-piperidino-l-oxopropy])-phenanthrene hydro- C3H 

chloride. 

9-Propionyl-s-octahydrophenanthrene C3H 

2-Propiony|phenanthrene C3H, Swiss 

3-Propionylphenanthrene C3H, Swiss 
9-Propionylphenanthrene C3H, Swiss 
Other carbocyclic derivatives 

Chaulmoogrie acid A, C3H 

Ninhydrin C3H, Swiss 

Vitamim Dz _-. C3H 

Complex polysaccharides, steroids, and proteins 

Acenaphthene choleic acid C3H 

Digitonin C3H, Swiss 

Protamine . C?2H, Swiss 

Saponin ; C3H 

Codeine, thebaine, and morphine derivatives 
des-N-methyldihydrothebainone C3H 

Desoxymorphine-C hydrochloride C3H 

Dihydro-des- N-methyldibydrohydroxycodeine-B Csu 

Dihydro-des-N-methyldibydrothebaine hydro. C3H 

chloride. 

Dihydro-des-N-methyldihydrothebainone C3H 


3 
i) 
» 
4 
9 
2 
5 


See footnotes at end of table. 
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TABLE 1.—Experimental treatment of spontaneous mammary tumors in mice—Continued 





Chemical 


Organic compounds—Continued. 

Codeine, thebaine, and morphine derivatives—Con. 
Dihydrothebainone hydrochloride 
Ethyldihydrothebainone hydrochloride 
Isomethy]-7-k etodihydrothebainone 

Other heterocyclic compounds: 

Guanine 

Guanosine 

7-Hydroxydibenz- [f, h]-quinoline 

Indole 
Porphyrexide 
Riboflavin _--.- 
Sulfathiazole 
Thiamin chloride 


Strain of mouse 


Number 
of in- Route ! 
jections 


Number Dose per 
of mice injection 


Milligrams 
5 


"3H, Swiss 
_ Sees 


‘3H, Swiss- 


C3H, Swiss 





! Key to route: IT, intraperitoneally; LV, intravenously; 
SC, subcutaneously. 

Regression of mammary carcinoma of 
spontaneous origin in mice of the Swiss 
strain is recorded in single instances with 
five compounds: a-hydroxymyristic acid, 
12-ketostearic acid, n-nonadecanoic acid, 
9- (2-methylamino-1- 
oxopropy])-phenanthrene hydrochloride. 
These findings are not considered as de- 


porphyrexide, and 


finitive, although no spontaneous regres- 
sions were encountered in the control ani- 
mals of the Swiss strain bearing similar 
tumors. None of the mammary tumors in 
C3H mice regressed. 

Regression of approximately one-fourth 
of leukosis Y 
(0.02 mg. given 9 times intraperitoneally ) 
and of sarcoma CR 180 with lactic acid 
(5 mg. injected 14 times intraperitoneally ) 
were also in contrast with the lack of 
spontaneous regressions in their control 


103 with sodium selenite 


groups. Retardation in the rate of growth 
of sarcoma 37, as well as total regression 
in 20 to 35 percent of strain A backcross 
mice, was encountered with 9 of 14 de- 
rivatives of anthracene and benzanthra- 
cene which were dissolved in lard and 
injected once intraperitoneally. 

Despite the essentially negative results, it 
is felt that further testing of chemicals and 
combinations of chemicals is well worth 
while, despite the empirical basis on which 


? 1 tumor in Swiss mouse regressed. 

Cubic centimeter. 
such work must proceed until further 
knowledge of the fundamental aspects of 
the cancer problem permits a more ra- 
tional approach. 

It is assumed that therapeutic effects at- 
tained in a mouse bearing a cancer may 
be applicable, or at least produce a clue, 
to the treatment of neoplasms in other 
It has been em- 
phasized by many workers that this as- 
sumption is not necessarily warranted. It 


species, including man. 


is probable that cancer is not a single dis- 
ease but a large and complex group of dis- 
eases, and that the effectiveness or ineffec- 
tiveness of a compound on a specific type 
of tumor in a mouse may not be substanti- 
ated on other types of tumors or in other 
species. A_ practicable experimental 
method is the use of several types of tu- 
mors in testing a given compound, and the 
definite implication that the results are 
applicable only under the specific condi- 
tions of the experiment. 


SUMMARY 


Results are presented on the testing of 
132 chemical compounds in the experi- 
mental chemotherapy of spontaneous 
No effec- 


mammary carcinoma in mice. 
tive remedy was discovered. 
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Enzymatic Activity of Normal Adult, 
Regenerating, 


Fetal, and Neoplastic 


Hepatic Tissues of the Rat 


By Jesse P. GREENSTEIN, senior biochemist, and J. W. THompson, pharmacologist, 
National Cancer Institute, National Institute of Health, United States Public Health 


Service 


Study of the properties of the hepatomas 
is facilitated by the ready availability of at 
least three different kinds of homologous 
hepatic tissue with which the hepatomas 
may be compared. These tissues are nor- 
mal adult, regenerating, and fetal liver. 
The last two tissues, like the hepatomas, 
are rapidly growing at rates which in cer- 
tain stages may even exceed that of the 
hepatomas, but unlike the hepatomas, this 
growth rate is controlled. 

Extensive comparative studies of the 
quantitative activity of several enzymes in 
hepatomas, adult, and regenerating livers 
revealed that whereas the last two tissues 
possess, with few exceptions, nearly iden- 
tical enzymatic activity, the hepatomas, 
with few exceptions, possess enzyme sys- 
tems of a considerably different order of 
magnitude (/—9). Comparison of the 
activity of fetal with adult livers revealed 
on the whole a relation resembling that be- 
tween the hepatomas and normal adult or 
regenerating liver (J, 3,5). Some of the 
enzyme systems were examined in rat fetal 
liver (8, 9) ; most of them were examined 
in rabbit fetal liver (7, 5); in all cases the 
data obtained were compared with those 
for the normal and neoplastic hepatic tis- 
sues of rats and mice. For valid compari- 
sons it would be desirable to possess all such 
information on the tissues of a single species 
of animal. For this reason, enzymatic 
studies made earlier on rabbit fetal tissues 
were repeated on the fetal livers of rats; in 


addition, new enzyme systems were studied. 
Together with the data adduced earlier on 
the transplanted hepatoma 31 and the nor- 
mal and livers of rats 
(1-5, 9), the present studies of rat fetal 
liver provide a_ picture of the comparative 


regenerating 


activity of many enzyme systems in four 
homologous tissues of a single species of 
animal, the rat. 


EXPERIMENTAL PROCEDURE 


Osborne-Mendel rats fur- 
nished the embryos for this study. Trans- 
plants of hepatoma 31 and the normal and 
regenerating livers with which the previous 


Pregnant 


enzymatic studies were performed were also 
obtained from Osborne-Mendel rats. The 
age of the embryos varied from 1 to 2 
weeks; the fetal livers obtained from the 
embryos were pooled in all cases. The 
extraction procedures have been described 
(1). The conditions for the determina- 
tion for the activity of each of the enzymes 
were followed exactly as before; the en- 
zymes investigated included arginase (10), 
catalase (/]) xanthine dehydrogenase 
(11), acid and alkaline phosphatase (12), 
ribonucleodepolymerase (5) , thymonucleo- 
depolymerase (/3), amylase (1/7), cystine 
oxidase (4), and the urea-synthesizing sys- 
tems (2). The method of representing 
the activity of each of the enzymes is also 
given in the foregoing references. Data 
on rabbit fetal liver have been obtained on 
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Taste 1.—Enzymatic activity of normal adult, regenerating, fetal, and neoplastic hepatic tissues of the rat ' 





Xan- 

Argi- thine 
nase lase ? de- 

(Q) hydro- 

genase 


Tissue Acid 


phos- 


Cata- line 


line) 


Alka- 


phos- 
phatase| phatase depoly- depoly- 
(Q acid) |(Q alka-merase? merase 


Enzyme 


Ribo- 
nucleo- 


Thymo- Cyto- 
nucleo- Cystine chrome 


d-Amir 
oxidase ®,  oxi- acic 


1 
oxidase 





Min- 
utes 
Normal adult liver 21: Se 14 25 
Regenerating 

liver *_. { 7 27 29 
Fetal liver... : . 06 > 300 48 
Transplanted 

hepatoma 31 y . 002 28 52 


0. 09 


. O8 
. 08 





1 All data on Osborne-Mendel rats. 

2 Measured in cubie centimeters of O2 per second 

3 In milligrams P per cubic centimeter in 2 hours. 

‘In cubic centimeters 0.02 N thiosulfate in 2 hours. 

Urea N per cubic centimeter in 2 hours. 

* Mols NH; N x 10°. 

7 Cubie millimeters O; per milligram per hour. 
Shack (7). 


Data of 
4 


all but the last-mentioned 


iy. ae 


two systems 

No data have been given in the earlier 
references for the activity of cystine oxidase 
or for the synthesis of urea in regenerating 
rat liver. Such data have have since been 
obtained on tissue supplied through the 
kindness of Dr. Eschenbrenner and have 
been incorporated into the present paper. 
These data, together with those on the fetal 
Included 
for comparison are the data obtaincd 
earlier (1 


rat liver, are given in table 1. 


5) on the normal and regener- 
ating adult liver and on the transplanted 
hepatoma 31, as well as data by Shack (9) 
on the activity in these tissues of two differ- 
ent oxidases. The activity of each enzyme 
is given in table | under identical experi- 
mental conditions for each of the 
kinds of homologous rat tissues. 


four 
Each 
determination was made on at least three 
The 


tions were never more than 20 percent and 


different samples of tissue. varia- 


often less. 
DISCUSSION 
NORMAL AND REGENERATING ADULT 
Livers 
With the exception of xanthine dehy- 
drogenase, the values for the activity of all 


* Obtained 48 hours after excision of 60 percent of the liver 

* Since the data refer to the decolorization time of methylen 
blue, the greater the time given, the weaker the enzynx 
activity. 

© Originally 


induced by 
benzene 


feeding p-dimethylaminoazo 


the enzymes tested are nearly identical in 
and adult 
Xanthine dehydrogenase is lower in activ- 


normal regenerating livers. 


ity in the regenerating liver, a fact that 


may have some correlation with the find- 
ing (/4) that nucleic acid.is synthesized at 
a rate higher in this tissue than in normal 
liver. There is more than sufficient flav- 
ine in the regenerating liver (15) to sup- 
ply the prosthetic group of xanthine de- 
hydrogenase, and the lowered value for 
this due to 
some alteration in the protein moiety of 


enzyme must therefore be 


this enzyme. 
FETAL AND ADULT LIVER 

Fetal liver apparently possesses little o1 
no xanthine dehydrogenase activity and 
little or no capacity to synthesize urea. 
Although arginase, catalase, and cystine, 
cytochrome, and d-amino acid oxidases are 
present, their activity is considerably less 
than that observed in the adult liver. The 
activity of both acid and alkaline phospha- 
tase is greater in fetal than in adult liver 
and may be due to the osteoplastic activity 
of the embryo. The activity of both ribo- 
nucleodepolymerase and thymonucleode- 
polymerase and of amylase (phosphory- 
lases) is nearly identical in fetal and in 





ENZYMATIC ACTIVITY OF HEPATIC TISSUES OF THE RAT 


adult liver. The role of the depolymerases 
has been discussed before (5). The rela- 
tion of the activity of fetal rabbit hepatic 
tissue to the adult rabbit liver previously 
observed (/, 5) is in general the same as 
that observed with the comparable rat tis- 
sues.” 


HEpPATOMA 31 AND ADULT LIVER 


When the rat hepatic cell becomes 
neoplastic, certain enzymes decrease in ac- 
tivity (arginase, catalase, xanthine dehy- 
drogenase, urea-synthesizing systems, and 
cystine, cytochrome, and d-amino acid oxi- 
dases) , 
acid and alkaline phosphatases), while 
still others apparently remain the same 
(ribonucleodepolymerase, thymonucleode- 
polymerase, and amylase) .” 


other enzymes increase in activity 


Since these 
comparisons have been discussed in earlier 
papers (/—5), no further emphasis is nec- 
essary here except to point out the similarity 
in the enzymatic relations between the neo- 
plasm and adult liver on the one hand and 
between fetal liver and adult liver on the 
other. 


FetaL Liver AND HeEpatoma 31 Com- 
PARED WitTH NORMAL AND REGENERAT- 
ING LIVER 


The enzymatic activity of fetal liver and 
of the hepatoma appear to run parallel 
when compared with the activity of normal 
and regenerating liver. When the activity 
of any one enzyme in the hepatoma is less 
than, greater than, or equal to the activity 


1 Fetal liver presents a certain complication, 
inasmuch as this tissue contains blood-forming 
cells which might be expected to dilute the 


activity of the hepatic elements. Since neither 
the extent of this possible dilution nor the con- 
tribution to the activity of each enzyme by the 
hematopoietic elements themselves is known, it 
is not feasible to discuss this matter further. 
*The phenomenally high value for the alka- 
line phosphatase activity of the transplanted 
hepatoma 31 has been confirmed by independ- 
ent sources on primary tumors induced in rats 
by the feeding of p-dimethylaminoazobenzene 
16). 


of the same enzyme in normal adult or re- 
generating liver, so too is the activity of 
that enzyme, respectively, in the fetal liver. 
Thus, in category 1, arginase, catalase, 
xanthine dehydrogenase, the urea-synthe- 
sizing systems, and cystine, cytochrome, 
and d-amino acid oxidases are all lower 
in activity in both fetal liver and the hepa- 
toma than in normal or regenerating liver; 
in category 2, acid and alkaline phospha- 
tases are both higher in activity in fetal liver 
and the hepatoma than in normal or regen- 
erating liver; whereas in category 3, ribonu- 
cleodepolymerase and thymonucleodepoly- 
merase and amylase are nearly identical in 
all four tissues. It would appear, there- 
fore, that of the hepatic tissues considered, 
normal and regenerating liver form one 
class, fetal liver and the hepatoma a second 
class. 

What have the enzymes of each category 
incommon? In category 1, arginase, cat- 
alase, xanthine dehydrogenase, and _cyto- 
chrome and d-amino acid oxidases are 
Xan- 
thine dehydrogenase and d-amino acid 
oxidase contain riboflavin as the pros- 
thetic group, arginase contains manganese, 


known to be conjugated proteins. 


whereas catalase and cytochrome oxidase 
Whether cystine oxidase 
contains a prosthetic group is not known 


contain iron. 
at the present time. In fetal liver or in 
the hepatoma, apparently, the proper con- 
ditions for conjugation are not present, 
owing possibly to either incomplete devel- 
opment or alteration of the protein moiety 
involved. In category 2, the state of acid 
and alkaline phosphatases is not yet known 
because neither enzyme has been suffi- 
ciently purified. In category 3, only ribo- 
nucleodepolymerase has been obtained in a 
purified condition. 
tively simple protein of low molecular 
weight. The mode of action of the three 
enzymes in this category is that of a depoly- 


This enzyme is a rela- 


merization of high-molecular-weight sub- 
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strates. This property of attacking large 
molecules sets off the enzymes of this cate- 
gory from those of categories 1 and 2 


Whether this is the reason why the enzymes 
of category 3 in fetal liver do not change 
in activity when the embryo develops into 
the adult or when the adult liver regen- 
erates or becomes neoplastic cannot be 
The facts 
simply indicate that the activity of these 
enzymes (category 3) is set at a certain 
value in the liver of the fetus by at least 
half the term of intra-uterine development 
and remains at this value independent of 
maturity or of later neoplastic change of 
the liver. 


answered at the present time. 


SUMMARY 
The activity of several enzyme systems 
in fetal rat livers was determined, and 
the data obtained were compared with 


those on the transplanted hepatoma 31 
and on normal adult and regenerating liv- 
ers in rats. The results indicated a simi- 
larity of the relation of fetal to adult liver 
on the one hand and of the hepatoma to 
adult liver on the other. 

Certain 


enzymes (arginase, catalase, 


xanthine dehydrogenase, urea-synthetic 
systems, and cystine, cytochrome, and d- 
amino acid oxidases) were lower in both 
fetal liver and hepatoma than in adult 
liver; others (acid and alkaline phospha- 
tases) were higher in both fetal liver and 
hepatoma than in adult liver; still others 
(ribonucleodepolymerase, thymonucleode- 
polymerase, and amylase) had the same 
activity in all four kinds of hepatic tissue. 
Thus, the properties of the hepatoma and 
and of fetal liver ran parallel in relation 
to those of the adult liver in every case. 
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Range in Activity of Several Enzymes 
in Normal and Neoplastic Tissues of 


Mice 


By Jesse P. GREENSTEIN, senior biochemist, and J. W. THompson, pharmacologist, Na- 
tional Cancer Institute, National Institute of Health, United States Public Health 


Service 


It has long been known that the activity 
of a particular enzyme may vary consider- 
ably in the normal animal from one tissue 
to the other. For example, catalase is very 
active in the liver but very weak in muscle, 
and alkaline phosphatase is very active in 
the intestine but weak in the liver. Under 
normal conditions, each tissue carries out 
definite and specific functions, which are 
based upon the possession by the tissue o! 
a unique pattern of enzymic catalysts. 
Every normal tissue can, therefore, be 
characterized by this pattern. 

Does the activity of each enzyme in tu- 
mors of various origin also differ consider- 
ably from tumor to tumor? As a partial 
answer to this question, the range in activ- 
ity of several well-defined enzyme systems 


has been examined under identical experi- 


mental conditions in available normal and 
neoplastic tissues of a single species of ani- 
mal, the mouse. No attempt is made to 
call this study in any way complete. It is 
obvious that not every normal tissue, not 
every conceivable tumor, and not every 
enzyme system have been investigated. 
Since the tumors studied arose in animals 
of various strains, care has been taken to 
ascertain whether the enzymatic activity of 
the normal tissues differed from strain to 
strain. However, the validity of the pres- 
ent findings is limited to the particular 
normal and neoplastic tissues investigated, 
to the particular enzymes studied, and to 
the particular species and strains of animal 
employed. 


EXPERIMENTAL PROCEDURE 


The enzymes included catalase, arginase, 
xanthine dehydrogenase, acid and alkaline 
phosphatase, thymonucleodepolymerase, 
and ribonucleodepolymerase. The tech- 
nique of measuring the activity of these 
enzymes has been described in several pa- 
pers in this Journal (/-/7). Each enzyme, 
whether examined in normal or in neoplas- 
tic issues, was studied under identical ex- 
perimental conditions, which included the 
use of tissue extracts at equal concentra- 
tions of total nitrogen. Several samples of 
each tissue were studied ; in the case of each 
enzyme the determination of activity varied 
by no more than +10 percent from tissue 
to tissue, and the reproducibility of the 
determinations for any one tissue was well 
within this limit. 
mors employed, with the exception of the 
(18), 
have been made in the foregoing series of 
Part of the data given in the 
present communication has been taken 


References to the tu- 


transplanted rhabdomyosarcoma 


papers. 


from the earlier papers. 

Since the tumors arose in mice of various 
strains, chiefly A, C, C3H, and Dilute 
Brown, it was desirable to know whether 
the activity of the same tissue differed from 
strain to strain. It was found that no 
strain difference apparently existed for any 
of the enzymes in any of the tissues of these 
strains of mice. The collected data are 
given in table 1. 
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Taste 1.—Enzymatic activity in tumors and in normal tissues of mice! 





Tumors Strain 


Hepatoma 1* 
Hepatoma A -... 
Hepatoma 98/15 
Hepatoma 7A/77 
Hepatoma 587 
Mammary tumor 
Lymphoma 72942 ¢_- a 
Lymphoma Y 103. Dilute Brown 
=”. nctiea .do 

ne _ 
C m Ta ‘ _..do. 
Intestinal adenocarcinoma ! 
Squamous-cell carcinoma of 

stomach.‘ 
Methylcholanthrene-induced | C3H 
sarcoma.® 

Rhabdomyosarcoma *_. _. 
Normal tissues - - - Ci 
Liver '-» Ge 
Hyperpl: astic breast 7 "3H, Dilute Brown 
Lymph nodes + A, Dilute Brown 
Bone marrow > Dilute Looe 3 
Spleen_..- , Dilute Brown 
Kidney-_- 
Muscle ma a do ws 
a ; do_. 
Lung isise 
Intestinal mucosa iMPinas 
Gastric mucosa. -- do 
Thymus....... C3H, Dilute Brown 
Pancreas... . C, C3H, A, Dilute Brown 


rt Brown X I 
3H 


= 
C57 Brown 


, Dilute Brown 


Arginase Cata- thine phos- 


H, a 
H, x Dilute Brown. \« 


Xan- Acid Alkaline Thymo- Ribo- 
nucleo- | nucleo- 
depoly- depoly 
merase | meras¢ 


lase? dehydro-| phatase 
genase (Q acid) 


Minutes 
10 
38 


rhe Se 


eo) 


0 
02 
02 
01 

12 


8 
005 
. 006 
22 

.0 

.0 
001 

-O1 





Experimental technique and methods of representing 
activity are given in the following references: arginase (/), 
catalase (3), xanthine dehydrogenase (3), phosphatases (7), 
thymonucleodepoly merase (6), ribonucleodepoly merase (17). 

? Activity in cubic centimeters of O2 per second. 

Increase in acid-soluble P in milligrams per cubic centi- 

meter in 2 hours. 


ARGINASE 
The range in activity of arginase in the 
tumors studied is 25-114. The 
114 is that of the spontaneous mammary 
tumor and is considerably beyond the me- 
If this 


value is excepted, the range becomes 25-52, 


value of 


dian value of the rest of tumors. 


which is rather narrow. 

values for the 
activity of this enzyme range from 2 to 
246. The highest value is that of the liver 
in which arginase is relatively concen- 


In the normal tissues, the 


trated. The urea cycle, in which arginase 
participates, is found exclusively in the 
liver. If the value for the liver activity is 
excepted from the consideration of the 
normal tissues, the range becomes 2-80, 
which is still greater than that of the 


* Transplanted. 
5 Spontaneous. 
6 Primary tumor induced by subcutaneous implantatior 
of me *thylcholanthrene. 
7 Induced by subcutaneous implantation of stilbestrol 
§ Probably slightly higher than value given. 


tumors, even when the value of the mam- 
mary tumor is taken into account. 

With the exception of the mammary 
tumor, the values for all the tumors appeat 
to cluster about a mean value of about 
33 35. 


values of the normal tissues, for these vary 


No such clustering appears in the 
considerably; some of the normal tissues 
possess an activity higher and others less 
than that of the median value of the 
tumors. 


CATALASE 


Among the tumors, the catalase activity 


varies from 0 to 0.8. The highest values 
are observed among the transplanted hepa- 
tomas, which is an indication that thes¢ 


tumors still reflect some of the character- 
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istics of the liver tissue from which they 
originated. In the other tumors, the en- 
zyme is present only in traces, and even the 
traces may be owing to the presence of 
some residual blood. 

Among the normal tissues, the liver is 
highly active and this fact partially ac- 
counts for the considerable range in this 
enzyme of 0-8.0. If the value of the liver 
is excepted, the range becomes 0-0.8, 
which is that of the tumors. If the values 
of the liver and of the hepatomas are 
omitted from the comparisons, the range in 
activity among the normal tissues is still 
considerably greater than among the 
tumors, since some of the normal tissues, 
like the kidney and the spleen, are fairly 
active whereas other tissues, like mucosa, 
are completely lacking in the enzyme. 


XANTHINE DEHYDROGENASE 


The range in xanthine dehydrogenase 
activity among the tumors is 0 to 42. The 
median value may be taken at about 
27+17. In this connection, it must be 
recalled that since these figures refer to the 
decolorization time of methylene blue in 
the digests, the lower values refer to the 
more active tissues. In contrast with the 
relatively narrow range among the tumors, 
the normal tissues vary in value from 6 to 
>300, with considerable variation from 
‘issue to tissuc. 


Acip PHOSPHATASE 


The range in acid phosphatase activity 
among the tumors is 6 to 23, and among 
the normal tissues 5 to 73. 


The extent of 
these ranges, while greater among the 
normal tissues than among the tumors, is 
not so strikingly different as that observed 
for the enzymes previously described. A 
roughly chosen median value for the 
tumors might be 15+9, and for the normal 
tissues 40+ 30. 


ALKALINE PHOSPHATASE 


Among the tumors, the range in alka- 
line phosphatase activity appears to be 
0 to 24, most of these tissues possessing 
little activity. The range here is relatively 
narrow. Among the normal tissues, the 
variation is considerable, the values rang- 
ing from 1 to 2,789. The highest values 
are observed in intestinal mucosa and in 
the kidney. 
the values for the remaining normal tissues 
are low, and of the magnitude of those 
found among the tumors. 


If these values are excepted, 


THYMONUCLEODEPOLYMERASE 


Thymonucleodepolymerase, which ac- 
complishes the catalytic depolymerization 
of thymus nucleic acid, possesses a range 
among the tumors of 3.0 to 21.3, and 
among the normal tissues of 3 to 25. 
Neither range is considerable, and both 
are of the same order of magnitude. 


RIBONUCLEODEPOLYMERASE 


Ribonucleodepolymerase, which accom- 
plishes the catalytic depolymerization of 
yeast nucleic acid, possesses a range among 
tumors of 0.09 to 0.30, and among the nor- 
mal tissues of 0.04 to 0.78. The range is 
greater among the normal than among the 
neoplastic tissues. 


Homo.ocous TIssuEs 


Comparisons have been made thus far, 
on the one hand, of all the normal tissues, 
and on the other hand, of all the tumors. 
If now the comparisons are made among 
only those tumors for which the normal 
tissue analogues are available, the follow- 
ing pairs of homologous tissues must be 
considered: (1) Liver and hepatomas; (2) 
lymph nodes and lymphomas; (3) breast 
and mammary tumors; (4) intestinal 
mucosa and adenocarcinoma; and (5) 
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muscle and rhabdomyosarcoma. The 
range in activity for each enzyme among 
the normal tissues of this group and the 
neoplasms derived from them may be 
ascertained from table 1. It is clear that 
the same conclusions hold when the groups 
of homologous normal and neoplastic tis- 
sues (table 1) are considered as when all 
the tissues, without regard to this limita- 
tion, are considered, namely, that with the 
exception of thymonucleodepolymerase, 
the range in each of the enzymes is much 
greater among the normal tissues than 
among the tumors. 


PERTINENT Data From OTHER SOURCES 


Shack (19) estimated the cytochrome 
oxidase activity of most of the mouse 
tumors described in table 1. The range in 
values of Q, as Shack defined Q, was 3.0 
to 7.4. No comparable studies are avail- 
able on various mouse normal tissues, 
hence exact comparisons of the range of 
activity of this enzyme in normal and neo- 
plastic tissues of mice must await further 
investigation. There are, however, some 
data by Stotz (20) and by Schneider and 
Potter (2/7) on the activity of cytochrome 
oxidase in several normal tissues of the rat; 
the values of the activity units defined, 
respectively, by Stotz and by Schneider and 
Potter range from 1.3 and 109 for lung, to 
9.7 and 1,699 for heart muscle. Although 
it is highly probable that the range in the 
activity of this enzyme is nearly the same 
in normal rat and mouse tissues, the com- 
parison of this range in neoplastic tissues 
of mice and normal tissues of rats must be 
If such a 


comparison be made, however, it is appar- 


made with all due reservations. 


ent that the range in activity among the 
former is considerably less than among the 
Both Stotz and Schneider 
and Potter included the study of two or 
three rat tumors, of which the range in 


latter tissues. 


activity was much narrower than among 
normal tissues; but the number of tumors 
was too few and the types available were 
not sufficiently varied to provide adequate 
comparisons. 

Taylor, Pollack, and Williams (22) ob- 
served that the range in the total vitamin 
B content of a large group of tumors of 
various origin was much narrower than 
that among Although 
“malignant neo- 
plasms of various types and from various 


normal tissues. 


their conclusion that 


animals tend to have similar cellular me- 
tabolism, forming in effect a common tis- 
sue type” may not be quite warranted at 
the present time, it is interesting that 
various types of components, such as vita- 
mins and enzymes, are quantitatively more 
alike among tumors than among normal 
tissues. 


QUESTION OF ETIOLOGY 


Neoplasms may arise in animals eithe1 
spontaneously or by induction through a 
wide variety of unrelated extrinsic agents. 
Among these agents may be various hydro- 
carbons, dyes, viruses, and forms of radia- 


tion. Certain tumors which appear to 


originate spontaneously may actually re- 
Is the 
mechanism of carcinogenesis independent 


quire an extrinsic factor or agent. 


of the nature of the causative agent, 
whether the latter be extrinsic or intrinsic 
in origin? This question cannot be an- 
On the other 
hand, it is possible to say, on the basis of 
the present data, that the ultimate proper- 
ties of the tumor itself appear to be inde- 
pendent of the nature of its origin. 


swered at the present time. 


As an 
example, the mouse hepatomas may be 
cited. The available data include studies 
on hepatoma 1 in IX Dilute Brown mice 
(F, generation) originally induced in | 
mice by injection of 2-amino-5-azotoluene, 
hepatoma A in C3H mice originally in- 
duced by injection of aminoazotoluene, he- 
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patoma 7A/77 in A mice originally in- 
duced by injection of carbon tetrachloride, 
hepatoma 98/15 which arose spontane- 
ously in a C3H mouse, and hepatoma 587 
which arose spontaneously in an A mouse. 
We have, therefore, hepatomas in two dif- 
ferent strains which arose spontaneously ; 
hepatomas in two different strains which 
were induced by the same chemical carci- 
nogen, aminoazotoluene; and two hepato- 
mas in each of two strains, one of which 
was induced by a chemical carcinogen 
whereas the other arose spontaneously. 
The data in table 1 indicate that the enzy- 
matic properties of all these hepatomas, 
irrespective of the origin of the latter, are 
nearly the same. The cytochrome oxi- 
dase values of Shack (19) are also nearly 
In connec- 
tion with the data on the other tumors in 


the same for these hepatomas. 


table 1, it would appear that no matter 
what or where the origin of a tumor may 
be, it ends by possessing a set of properties 
nearly common with all other tumors. 


OSTEOGENIC SARCOMA, A POSSIBLE 
EXCEPTION 


Enzymatic studies on the transplanted 
Barrett osteogenic sarcoma | (23) revealed 
values for the following enzymes (see table 
1 for units) : arginase, 27; catalase, 0.001; 
xanthine dehydrogenase, 35; thymonucleo- 
depolymerase, 3.1; and ribonucleodepoly- 
merase, 0.10. These values are well within 
the limits observed for the other tumors de- 
scribed (table 1). On the other hand, the 
phosphatase values are, as might be ex- 
pected, phenomenally high, the acid phos- 
phatase being 135 and the alkaline phos- 
phatase 1,100. 
side the range for the phosphatases of any 
of the tumors studied. The acid phos- 
phatase of the osteogenic sarcoma exceeds 
that of any of the normal tissues, and the 
alkaline phosphatase value is equaled only 


These values are far out- 


by that of the kidney and is exceeded only 
by that of the intestinal mucosa. 

A high phosphatase activity is always as- 
sociated with osteoblastic activity (15). 
Since this activity represents a specialized 
structural function, the osteogenic sarcoma 
has not been included in table 1. At the 
present time, the relation of the phospha- 
tase activity of the osteogenic sarcoma to 
that of the normal osteoblastic cells is not 
known. To clarify this point, the activity 
of the epiphysis of normal growing bone 
should be determined; in the case of mice 
this determination would be rather diffi- 
cult. 


DISCUSSION 


With one exception, the range of the en- 
zyme systems studied is considerably greater 
among the normal than among the neoplas- 
tic tissues. The exception, that concerned 
with thymonucleodepolymerase, is of in- 
terest because this enzyme is very probably 
an exclusively nuclear component (17). 
When a normal tissue becomes neoplastic, 
e. g., nodes converted to lymphomas, or 
liver to hepatomas, this enzyme may either 
increase or decrease in activity, but the 


change is relatively small compared with 
the changes in the activity of other en- 
zymes. 


It is partly for this reason, and 
partly because the various tissues do not 
differ. greatly among themselves in the 
value for this enzyme, that the range in 
activity of the thymonucleodepolymerase is 
rather narrow and rather similar in normal 
tissues and in tumors. Apparently, the 
nuclear activity in all kinds of tissues main- 
tains a level which does not vary greatly 
from tissue to tissue. 

The explanation for the much narrower 
range among the other enzymes in the tu- 
mors as contrasted with the normal tissues 
is not far to seek. To a very large extent 
it may be based upon the severe decrease in 
certain of the specific functional activities 
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of a tissue when the tissue becomes neo- 
plastic (15). The data in table 1 indicate 
the considerable drop in activity of hepatic 
arginase and catalase, of intestinal alkaline 
phosphatase, and of lymphatic ribonucleo- 
depolymerase when these tissues become 
neoplastic. ‘To this evidence may be added 
the similar loss in gastric pepsin and ren- 
nin (9), the hepatic urea cycle (13), cys- 
tine oxidase (/6), and muscle creatine ' 
when the gastric mucosa, liver cells, and 
muscle become adenocarcinoma, hepato- 
ma, and rhabdomyosarcoma, respectively. 
On the other hand, certain enzymes, such 
as hepatic acid phosphatase and mam- 


. . . . . 4 
mary arginase, increase in activity when 


the normal tissues become neoplastic, but 
this increase in no case is as great in mag- 
nitude as the loss encountered in other 
enzyme systems. 

It would appear that the activity of each 
of the enzymes in the tumors, with the ex- 
ception of catalase in the hepatomas, is 
more nearly of the same order of magni- 
tude than is the activity of each of the 
enzymes in the normal tissues. This may 
mean that when a normal tissue becomes 
neoplastic, it tends to lose in large degree 
certain of its specific functions; and the 
neoplasm, while it may retain some ves- 
tige of the activity of the tissue of origin 
(as in the case of hepatic catalase), re- 
sembles other tumors more than it does 

*The creatine content of normal mouse mus- 
cle, determined by methods described earlier (12) 
has been found to be 375 mg. per 100 gm. of 
wet tissue. By the same methods the creatine 
content of the transplanted rhabdomyosarcoma 


in C mice (18) has been found to be so low as 
to be unmeasurable. 


the tissue of origin. The tumors possess a 
more nearly common enzymatic level, so 
that from this standpoint the tumors are 
more nearly like each other than they are 
like normal tissues or than normal tissues 


are like each other. 
SUMMARY 


The activity of arginase, catalase, xan- 
thine dehydrogenase, acid and alkaline 
phosphatase, thymonucleodepolymerase, 
and ribonucleodepolymerase was deter- 
mined in the following normal tissues: 
liver, breast, nodes, marrow, spleen, kidney, 
muscle, skin, lung, intestinal and gastric 
mucosa, thymus, and pancreas, and in the 
following tumors: hepatomas 1, A, 98/15, 
7A/77, and 587, spontaneous mammary 
lymphomas 72942 and Y103, melanoma, 
$37, CR 180, intestinal adenocarcinoma, 
squamous-cell carcinoma of the stomach, 
sarcoma induced by methylcholanthrene, 
and rhabdomyosarcoma. All tissues were 
obtained from mice. 

The range in activity for each of the en- 
zymes, with the exception of thymonu- 
cleodepolymerase, was much __ greater 
among the normal tissues than among the 
tumors. In the case of the exception 


noted, the range was very nearly the same 


for both normal and neoplastic tissues. 


The difference in the ranges of the enzymes 
in normal tissues and in tumors has been 
explained on the basis of the severe de- 
crease observed in many of the specific 
functional activities of certain tissues when 
these tissues became neoplastic. 
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Note on the Liver Catalase Activity 


of 


Pregnant Mice and of Mice Bearing 
Growing Embryonic Implants 


By Jesse P. GrEENSTEIN, senior biochemist, and Howarp B. ANDERVONT, principal 
biologist, National Cancer Institute, National Institute of Health, United States 


Public Health Service 


The liver catalase activity of mice and 
rats (/)' and of human beings (2) bear- 
ing a wide variety of neoplasms is con- 
below the 
The effect on this liver function is 


siderably depressed normal 
value. 
1) progressive with and proportional to 
the growth rate of the tumor, and (2) 
reversible on surgical removal or regres- 
sion of the tumor. The mechanism of 
this depression of the liver catalase activity 
of tumor-bearing animals is not fully un- 
In view of 
the appreciable degree of anemia which 
generally accompanies neoplastic growth 
3) and because ‘both hemoglobin and 
catalase possess the same hemin prosthetic 
group, it has been suggested (4) that the 
tumor in some way interferes with the 


derstood at the present time. 


normal synthesis of the hemin prosthetic 
group. 

The question arises whether depression 
of the liver catalase activity would occur 
in the presence not only of malignant but 
also of benign growths. In other words, 
is the effect due to any growing tissue 
within the host, or may it be specifically 
related to the fact that the growing tissue 
is malignant in nature? As a partial an- 
swer to these questions, the liver catalase 
activity was determined both of pregnant 


‘This paper refers to previous papers in this 
series of studies. 


mice and of mice bearing progressively 
growing, subcutaneously implanted em- 
bryonic tissue mash which was originally 
obtained from 2-week-old embryos of the 
same strain as the animals subsequently 
inoculated. The mash grew progressively 
for several months. The liver catalase 
activity of pregnant mice and of mice 
bearing embryonic implants was found to 
be normal, and hence in the animals 
studied these benign growths produced no 
effect comparable with that of tumors. 
The data are given in table 1. 


TABLe 1.—Liver catalase activity of pregnant mice and 
of mice bearing embryonic implants ! 





Con- Liver 
centra-  cata- 


Strain Condition tion of lase 
liver activ- 

extract? ity’ 

) 9 
C3H Normal { ” > ef 
- ‘ = .6 2.0 
C3H Pregnant 2 weeks { 3 : 
C3H | Bearing embryonic im- .6 2.0 
plant 3 weeks. { A 9 
C3H Bearing embryonic im- { 6 1.9 
plant 5 weeks. 3 8 
C3H Bearing embryonic im- |f 6 2.1 
plant 2 months. \ 3 7 
: : f 6 1.9 
Dilute Brown.) Normal 1 3 8 
Do __| Pregnant 2 weeks { . = 
Do Bearing embryonic im- |f 6 1.8 
plant 2 weeks. \ a a 
Do Bearing embryonic im- f .6 2.0 
plant 4 weeks. \ . 9 





! Embryo mash obtained from embryos 2 weeks old. 
2 Milligrams N per cubic centimeter, 
} Cubie centimeters O2 per second, 


nN 
oo 
w 
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Effects of Feeding Heated Lard to Rats, 
With a Histologic Description of the 
Lesions Observed 


DonaLp Larsen, research fellow, 


and Stuart W. Lippincott, passed assistant surgeon (R),' National Cancer Institute, 
National Institute of Health, United States Public Health Service 


INTRODUCTION 


Available statistics indicate that cancer 
of the digestive tract in man accounts for 
approximately 45 percent of all deaths 
from cancer at the present time. It seems 
logical to suspect dietary constituents of 
being involved in the genesis of this dis- 
ease, since food and its digestive products 
come into intimate contact with the tissues 
lining the alimentary canal. 

Many investigators have attempted to 
produce gastric neoplasms in experimental 
animals by dietary means. In 1913 Singer 

1) described the production of gastric 
lesions in a high percentage of his experi- 
mental rats and tentatively ascribed an in- 
fectious origin to these lesions. Appar- 
ently unsuspected by Singer, the nutri- 
tionally poor diet which he fed his animals 
Sim- 
ilarly, the lesions in the stomachs of nema- 
tode-infested rats described by Fibiger (2) 
are of uncertain etiology. 


may have been an important factor. 


In repeating 
Fibiger’s experiments, Passey, Leese, and 
Knox (3) found that rats maintained on 
Fibiger’s diet of white bread and water 
developed some gastric lesions even in the 
absence of nematode infestation, although 
these lesions were less severe than those 
seen in a similar group infested with 
Other rats 
carrying the nematode, on a complete diet, 


Gonglyonema neoplasticum. 


exhibited but insignificant changes in the 


*Now Major, M. C., Harmon General Hos- 


pital, Longview, Tex. 





gastric muscosa. Bullock and Rohdenburg 
(4) attempted to demonstrate that Fi- 
biger’s results were caused by nonspecific 
They resorted to the 
use of mechanical and chemical irritants 


chronic irritation. 


and obtained results similar to but not 
identical with those of Fibiger. 

Pappenheimer and Larimore (35) re- 
ported experiments which indicated for the 
first time that dietary deficiencies might be 
a factor in the etiology of gastric lesions. 
They were unable to ascertain the exact 
nature of the deficiency in their experi- 
mental diets. Subsequently, a number of 
investigations dealing with the role of 
dietary deficiency in gastric lesions have 
been reported. Detailed accounts may be 
found in the recent work of Klein and 
Palmer (6), Beck and Peacock (7), Morris 
and Lippincott (8), and Brunschwig and 
Rasmussen (9). 

Since the evolution of our present knowl- 
edge of chemical carcinogens, several in- 
described 


designed to demonstrate a_ relationship 


vestigators have experiments 
between dietary fats and gastric cancer. 
Roffo (/0) reported the production of 
adenocarcinoma of the glandular portion 
of the stomach and “fuso-cellular sarcoma” 
of the liver in rats fed heated fats; Domagk 
(11) found tumors in the stomachs of mice 
fed a diet rich in olive oil; Waterman (/2) 
claimed that he obtained malignant tumors 
in the stomachs of mice fed cholesteryl ole- 
ate; Veldstra (13) offered A 3,5-cholesta- 
diene as a possible link between heated 
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dietary fats and gastric neoplasia; and Wid- 
mark (/4) concluded that extracts of 
roasted foods (coffee, butter, horse muscle) 
contain one or more carcinogenic sub- 
stances. The chemistry involved in the ex- 
perimental work cited was analyzed by 
Cook and Kennaway (/5) and the path- 
ology by Klein and Palmer (6). Recently, 
Steiner, Steele, and Koch (/6) investigated 
the possible carcinogenicity of drastically 
heated meat fats, cholesterol, sesame oil, 
and acrolein. The feeding and subcu- 
taneous injection of these heated substances 
led to essentially negative results. 

Roffo (10, 10a) fed rats bread and milk 
to which was added an equal amount of 
lard, beef tallow, mutton tallow, or olive oil, 
which had been heated to 350° C. for one- 
half hour. Beck and Peacock (7) fed rats 
and mice similarly heated fats incorporated 
into an adequate diet. They were unable 
to find any evidence of malignant glandular 
tumors or of sarcomas. Papillomatosis 
was found in the forestomach of animals 
fed heated-fat diets and was attributed to 
an “anti-vitamin A” factor in the heated 
fats. 

The temperature employed by Roffo was 
much higher than that used in ordinary 
cooking procedures, nevertheless, his ob- 
servations appeared to be of sufficient inter- 
The hypoth- 


esis that merely heating a major dietary 


est to warrant further study. 


component resulted, presumably, in the 
formation in that foodstuff of substances 
carcinogenic, at least for the rat, raised 
several questions: (1) Could Roffo’s claim 
that the heating of fat converted cholesterol 
or other sterol into a carcinogenic sub- 
stance be verified either chemically or bio- 
logically? (2) Could gastric neoplasms be 
produced with regularity by feeding rats a 
diet rich in heated fat? (3) Could pro- 


longed heating of fats at temperatures 
lower than those used by Roffo produce 
the same effect on the stomach of the rat? 
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The present paper reports the results 
obtained by feeding heated lard to rats 
until they were dying, and the gross and 
microscopic examination of the stomach, 
liver, and certain other affected tissues. 
Simultaneously, a chemical study was mad 
on lard that had been heated under vary- 
ing conditions, with the purpose of clarify- 
ing the nature of the chemical changes that 
occur when lard is heated at extreme 
temperatures. 

In the original plan of our work, it was 
tentatively proposed to study the effects of 
heating three animal fats (pork, beef, mut- 
ton) and one vegetable fat consisting for 
the most part of a partially hydrogenated 
cottonseed oil. The physical equipment 
and technical assistance for studying these 
four fats simultaneously was not available. 
Therefore, because of the extensive use of 
lard in the human dietary, it was decided to 
study lard first. An examination of Roffo’s 
protocols indicated that his results were 
much the same, regardless of the fat used. 
Any degree of severity or difference in time 
of onset of the stomach lesions was not 
apparent in the groups of rats fed the four 
Hence, it 
seemed desirable to us to concentrate on 


heated fats in his experiments. 


just one fat and to study the effects of vari- 
ations of time and temperature of heating. 


MATERIALS AND METHODS 


Three-month-old Wistar rats, equally 
divided as to sex and selected at random, 
were used. They were placed on th« 
special high-fat diets after the period ol 
These 


rats were of the same approximate age as 


most rapid growth had occurred. 


the animals used in the extensive experi- 
ments described by Roffo (/0). The 
animals were housed individually in wire- 
cloth-bottom Individual 
records of food intake and body weight 
were made at weekly intervals throughout 
the experiment. 


metal cages. 


Daily observation was 
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made of each animal, and toward the end 
of the experiment moribund animals were 
killed by gas and immediately autopsied. 
In spite of every precaution, some animals 
died at night and autopsy was not per- 
formed for some hours after death. In 
such cases, if the animal had undergone ex- 
tensive autolysis, it was not included in 
the interpretation of the histologic mate- 
rial. 

The temperature of the animal room 
was maintained at 80° F. during the period 
Dur- 
ing a few hot days in summer the tempera- 
ture rose occasionally to 88° to 90° for 


short periods. 


of the year when heat was available. 


Since the animals were in 
wire-cloth-bottom cages, they did not ap- 
pear to become overheated on such occa- 
sions. 

The cages were washed and sterilized in 
boiling water followed by live steam, at 
frequent intervals. No nesting material 
was provided for the first 18 months, and 
during this period many animals became 
It is believed that this 
condition was brought about by the inabil- 


excessively greasy. 


ity of the rats to groom themselves prop- 
erly after getting fat smeared on their 
paws while eating the high-fat diet. Some 
loss in food probably occurred in this way 
which could not be taken into considera- 
tion in the food-intake records. After 
about 18 months crepe-paper shavings 
were placed in all cages, and it was ob- 
served that the greasy condition of the 
At the 
same time the bedding material became 
oil-soaked and had to be removed fre- 
quently. 


animals’ hair soon disappeared. 


This was not due to actual spill- 
age of food but resulted from food that 
adhered to the feet and hair of the animals. 


EXPERIMENTAL PROCEDURE 


The lard was homogeneously rendered 
under carefully controlled conditions and 


was of a quality equal or superior to the 
best grades of market lard. It was stored 
in hermetically sealed cans at —10° C. 
After 2 years samples of this lard showed 
no significant changes in physical or chem- 
ical characteristics. 

The lard was heated only as needed for 
the experimental diet. Stored lard, 3 
pounds at a time, was warmed to the 
molten state on the water bath and poured 
into either a pyrex beaker or a glazed, 4-l., 
Coors porcelain beaker and heated on a 
heavy-duty hot plate. Thirty, forty-five, 
and sixty minutes were usually required to 
reach temperatures of 200°, 300°, and 350° 
After the desired tem- 
perature was reached, it was maintained 
within a range of +3 


C., respectively. 


At temperatures 
above 330°, the rate of thermal decompo- 
sition of the lard was accelerated and fum- 
ing became severe. Preliminary lots were 
prone to catch fire spontaneously. In or- 
der to prevent this, the heating vessel was 
covered with a galvanized-sheet-iron plate, 
which was notched for insertion of a ther- 
mometer. This plate served to prevent 
contact of atmospheric oxygen with the 
volatile fumes at or above their flash point. 
After the desired temperature was main- 
tained for the required time, the lard was 
allowed to cool until it could be conven- 
iently handled (200°—250°), poured into 
suitable containers, and returned to the 
cold room. Representative samples of the 
heated lard were frequently set aside for 
immediate chemical study. 

Preliminary exploratory experiments re- 
vealed that our rats were loath to eat and 
were unable to survive more than a few 
weeks on a diet containing 50 percent of 
lard that had been heated at 350° C. for 
one-half hour. Lard heated under these 
conditions was found to have an unpleas- 
ant taste and odor; when heated at lower 
temperatures it appeared to be as palatable 


as unheated lard. Because of the relative 








paucity of information in the literature 
concerning the chemical changes induced 
in severely heated edible fats, it was neces- 
sary to study the nature of the decomposi- 
tion. The results of the studies made on 
the unheated stock lard and on samples 
heated from 200° to 250° for varying 
periods are reported elsewhere (18). 

The diets, which were prepared at 2- 
week intervals, were stored in glass vessels 
in a cold room maintained at —5° C. 
and used as needed. Fresh diet was given 
the animals in clean, dry, glass feeding 
cups once a week, and sufficient food was 
given to last an entire week. 
technical facilities available, it was not 
possible to feed the animals at more fre- 
quent intervals. All diets were isocaloric 
so that the food consumption should be 
approximately the same and comparable 
for all groups of animals. 

The basal portion, comprising 50 per- 
cent of the complete diet, contained the 
following substances: 


Percent 
Geouné weele wheat................... 72. 
Skim milk powder ane 24. 00 


Brewers’ yeast (debittered)__________ 2. 00 
Corn oil, fortified with vitamin A ester’ 


and calciferol * AEC ee 
Sodium chloride ee, a: . 50 
Ferric citrate gt FN ee ea 15 
Total Erase -- 22.00 


‘Vitamin A ester was supplied by Distillation 
Products, Ine., Rochester, N. Y. 

*Calciferol was supplied by Mead Johnson Co., 
Evansville, Ind. 

Equivalent in vitamin A and D to 2 percent 
U.S. P. XI cod-liver oil. 


The complete diets, which consisted of the 
basal portion plus added lard, are listed 
in table 1. The protein content of the 
diet was roughly 11.5 percent. The wheat 
was a soft winter variety and therefore of 
With the addition 
of yeast and vitamins, this diet was prob- 
ably of a higher nutritive quality than the 
bread and milk diet Roffo fed his rats. 
It is believed that the complete diet, con- 
taining 50 percent of unheated lard, was 


low protein content. 


With the 
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TABLE 1.—Diets used in experiments with heated lard 





Treatment 


Diet , Tem- Propor- 
No Fat component pera- = tion of 
eis ture | Time of diet 

of heating 
heat- 
ing 
C. Minutes Percent 

71 Lard None None 5.0 

72 do 300 30 50. 0 

73 f do 350 30) 35.0 

: i] do None None 15.0 

74 do 300 120 0.0 

do_. None None 38.0 

75 Free fatty acids from un- 

| heated lard _- None None 12.0 





satisfactory for the adequate nutrition of 
the rat over an experimental period of 
more than 20 months. The control ani- 
mals were able to increase in body weight 
throughout this period and showed no 
gross clinical evidence of nutritional 
deficiency. 

contained 30 animals 
equally divided as to sex, except the group 
on diet 75, which consisted of only 20 
animals. 


Each group 


Figure | gives the average body- 
weight curves of the female rats for the 
first 75 weeks of the experiment. As 
there was no essential difference between 
males and females, only 1 set of body- 
weight curves is presented. In the group 
of rats fed diet 74, which contained lard 
heated to 300° C. for 2 hours, the average 
body weight decreased for 2 weeks at the 
start of the experiment, after which the 
body weight was just maintained for about 
4 months; then there was a gradual de- 
crease in weight to the end of the experi- 
ment. In the case of the animals fed diet 
73, which contained lard heated to 350 
for 30 minutes, the initial loss in weight 
lasted for 4 weeks and amounted to ap- 
proximately 20 percent of the initial body 
weight. The animals were able to regain 
little of this lost weight and appeared to 
follow a general downward trend in 
weight for all periods of the experiment, 
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except between the eighth and fourteenth 
weeks. 

The average body weight of the group 
fed diet 72, which contained lard that had 
been heated to 300° for 30 minutes, in- 
creased gradually for 6 or 7 months, after 
additional 


weight was observed. 


which no increase in body 
In contrast with the three groups that 
received the heated fat are the two receiv- 
ing diets 71 and 75, respectively, which 
contained unheated lard. These groups 
gained in body weight for the entire ex- 
perimental period. The group fed the 
diet containing 12 percent of fatty acids 
from unheated lard (diet 75) in place of* 
an equal amount of lard were never quite 
so heavy as the control group that received 
the diet containing 50 percent of unheated 
lard. 
The 


groups of rats are also given in figure 1. 


food-intake values for the five 
These values are calculated average daily 
food intakes for periods of 4 weeks per 
histogram. There appears to be no essen- 
tial difference in food intake in any of the 
groups, except the group receiving diet 73 
that contained lard heated to 350° C. for 
30 minutes. The animals in this group 
appeared to be more greasy than those in 


It is believed that the 
greater food 


the other groups. 


calculated intake for this 
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group may be owing to the greater tend- 
ency of the animals to smear the food on 
their paws and bodies. The diet was not 
only distasteful to the animals but may 
have been toxic also. 

The 
curves (fig. 1) 


figures above the body-weight 
refer to the number of 
animals surviving at any given time. 
There appears to be some difference in 
survival of the rats fed diet 75. In this 
group 40 percent of the animals were still 
alive at the end of 75 weeks, while only 
20 percent of the controls, 33 percent of 
the animals on diet 72, 15 percent of those 
on diet 73, and 7 percent of those on diet 
After 


5 percent of the 


74 were still alive at this time. 
about 90 weeks, only 
animals were still alive, except in the 
group fed 12 percent of free fatty acids. 

An unusual type of paralysis appeared in 
a considerable 


heated lard. 


condition. 


number of the rats fed 

Figure 2 shows a rat in this 
The animal seemed to be able 
to lift its head with great difficulty and lay 
most of the time with head resting on the 
floor of the cage. It had very poor co- 
ordination when walking; instead of lifting 
its weight on its legs, the animal had a 
tendency to walk on its hocks, as indicated 
by the right hind leg (fig. 2). The condi- 
tion was a progressive type of paralysis in 
that the first clinical evidence of the condi- 





Ficure 2. 


Typical paralysis that developed in rats eating diets containing heated lard. 
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tion was a pronounced trembling move- 


ment of the head, followed by increased 
inability to use the legs; in some animals 
paralysis was so pronounced that they 
could not eat unless the food cup was 
The forelegs be- 


came involved earlier than the hind legs. 


turned over on the side. 


This paralysis had some of the characteris- 
tics of vitamin E deficiency described by 
Mackenzie, and McCollum 
17). The condition was never observed 
in rats fed the diets containing either un- 
heated lard or unheated lard plus fatty 
acids therefrom. 


Mackenzie, 


It was assumed, there- 
fore, that the paralysis was caused by some 
factor in the heated fats, which possibly in- 
volved destruction of the vitamin E in the 
diet. 

PATHOLOGY 


One hundred and 
autopsied. Fifty-five of the animals were 


eleven rats were 





Figure 3.—Forestomach ulcer of rat on diet 73 for 14 months. 
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permitted to live under the experimental 
conditions until death and were then au- 
Later in the 
course of the experiment, when it became 


topsied as soon as possible. 


apparent that an animal was about to die, 
it was killed so that the tissues could be ob- 
All tissues 
were routinely fixed in Zenker’s fluid and 


tained unaffected by autolysis. 
stained with haematoxylin and eosin. In 
addition, liver was fixed in formalin 
(U.S. P. 1:10) for the sudan IV stain and 


in absolute alcohol for the glycogen stain. 


Stomach 


Gross examination of the forestomach 
disclosed 


However, in nine of the animals this organ 


usually no apparent lesions. 
presented varying numbers of discrete, 
white, nodular elevations of the mucosa 
measuring up to 3 x 2 mm. Microscopi- 


cally, such elevations proved to be benign 
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papillomas (fig. 3); apart from these 
ulcers were sometimes found. They con- 
sisted of a defect in the squamous epi- 
thelium with nonelevated margins. The 
base was formed by a richly vascular 
granulation tissue containing many leuko- 
cytes, chiefly eosinophiles. The granula- 
tion tissue often extended laterally for a 
considerable distance between the mus- 
cularis mucosae and circular muscular 
coats. 

In some rats, gross examination of the 
glandular portion of the stomach revealed 
the presence of large and small discrete 
ulcers (fig. 4). In some instances as many 
as five ulcers were present in one stomach. 
They were usually in the prepyloric region 
on the lesser curvature. The largest ulcer 
measured 5 x 3 x 2 mm. The margins 
were elevated and undermined, and the 
In addition to these 


well-formed ulcers, irregular hemorrhagic 


base was pearly gray. 
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erosions up to 4 mm. in diameter wer 
seen in scattered parts of the pyloric por- 
tion of the stomach. 

Microscopically, the ulcers appeared as 
well-defined 


smaller ulcers, the mucosa of the margins 


lesions (fig. 5). In th 


appeared perfectly normal, but in some 
instances was atrophic and fused to the 
base of the ulcer (fig. 6). The base of 
such an ulcer was formed by granulation 
tissue frequently extending through the 
muscularis mucosa laterally for some dis- 
tance beneath the overlying intact epi- 
thelium (fig. 7, A). There was abundant 
exudate in this granulation tissue, chiefly 
polymorphonuclear leukocytes, with many 
eosinophiles. In some of the ulcers the 


base contained irregularly fragmented 
fibers of the mruscularis mucosae and many 
The latter oc- 


curred in small groups and sometimes sug- 


large acini (fig. 7, B). 


gested the appearance of adenomatous 


ALU LL 


Ficure 4. 


Large and small pyloric ulcers from rat on diet 73 for 17 months. Normal size. 
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73 for 14 


months. X 85. 
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Figure 7.—-A, Stomach ulcer with acini lying be neath muscularis mucosae. Rat was on diet 73 for 
17 months. X 42; B, Higher magnification of the acini. 190. (A, upper, and B, lower 
part of figure.) 





EFFECTS OF FEEDING HEATED LARD TO RATS 295 


Pit 60 Sip eget ge a 
Zs ote ty +a, ¥. Sioa ¥ 
’ es , <0 > 


DS Wi torr Reg 


- Dy! 
=! nae 
Py d 


5S 
tn 
470 
Ap 


sr => s 


if. 


Exuberant granulation tissue in nodulelike formation, from rat on diet 73 for 18 
months. X 210. 


ded 
Ficure 9.—Mucosal and submucal inflammatory granulation tissue from rat on diet 73 for 18 
months. X 100. 
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hyperplasia. However, the acini, though 
dilated, were not markedly irregular. The 
individual cells formed single layers in 
orderly arrangement and were not ana- 
In no instance did 
these acini penetrate the muscular coats. 


plastic in character. 


The acini were surrounded by dense gran- 
ulation tissue and apparently were asso- 
ciated with regeneration, and an attempt 
There 


was no indication that they represented a 


on the part of the ulcer to heal. 


carcinomatous process. 

Another feature observed grossly was 
the presence in one animal of several firm, 
nodular elevations, 4 x 3 x 2 mm., in the 


« 
pyloric portion of the stomach. The 


mucosa overlying the nodules was intact 
in some instances and apparently ulcerated 
in others. Microscopically, these lesions 
appeared to be composed of extremely 
vascular granulation tissue (fig. 8). Be- 
cause of the character of the lesion, con- 
sideration was given to the possibility that 
it might be a fibrosarcoma or possibly a 
How- 


ever, after careful study with special stains, 


sclerosing hemangio-endothelioma. 


a diagnosis of granulation tissue was made. 
One of the confusing features was the 
occasional penetration of granulation tis- 
sue through the muscular coats into the 
serosa. In view of the fact that transition 
stages existed between this suggestively in- 
filtrating lesion and other areas of unques- 
tionable granulation tissue, it was felt that 
a diagnosis of malignancy was not justified. 
In early lesions the mucosa was edematous 
and contained great numbers of eosino- 
philes (fig. 9). Such exudate was also 
found in the submucosa. In successive 
stages it was observed that fibrin was 
present and that subsequently fibroblasts 
were laid down so that the edematous 
underwent 


tissue organization into a 


vascular fibroblastic granulation tissue. 


Therefore, these lesions were considered 


Often there was 
no evident overlying ulceration. 


inflammatory processes. 


Liver 


In the control animals, after about 1 
year, the liver appeared enlarged, grossly, 
and of light red color with smooth con- 
tours. Miscroscopically, islands of normal 
parenchyma were seen, the surrounding tis- 
sue showing noticeably fatty changes (fig. 
10, A and B). These changes were char- 
acterized in some instances by large fat 
globules appearing in the cytoplasm and 
crowding out the nucleus. In other in- 
stances, the fat appeared as finely divided 
droplets in the cytoplasm. Both types 
occurred in any portion of the lobule. In 
isolated instantes there were focal areas of 
fibrosis (fig. 10, C) in these regions of fatty 
change, resulting in slight irregularity and 
retraction of Glisson’s capsule. This con- 
nective tissue enclosed irregular islands of 
parenchyma and sometimes radiated from 
the portal spaces, but other than this had 
no characteristic distribution. This lesion 
was considered to be a fatty cirrhosis. 

As early as 7 months after the animals 
were placed on diet 73, gross irregularities 
were observed in focal areas of the liver. 
These appeared as gentle, sweeping undu- 
lations which later became pitted, granu- 
lar, and depressed, leaving elevated ridges 
in the intervening spaces. The liver was 
not uniformly involved, but at times as 
much as half of one of the large lobes. 
particularly at the margins and on the 
undersurface, showed the lesion. Micro- 
scopically, such lesions resembled the pic- 
ture of acute yellow atrophy (fig. 11, 4 
and B). 
focal degeneration of hepatic cells (fig. 
12, A), 
lobule or involving several 


lobules. 


The initial event appeared to be 


occurring in any portion of the 
contiguous 
The hepatic cells were in various 
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Ficure 10.—A, Fatty cirrhosis of liver in rat on diet 71 for 18 months. X 58. B, Higher power 
than A, showing microscopic character of fatty change. XX 195; C, Fatty cirrhosis and 
fibrosis of liver in rat on diet 71 for 14 months. X 64. (A, top; B, middle; and C, lowest 
part of figure. ) 
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Figure 12.—A, Degenerative hepatitis with bile-duct proliferation of liver of rat on diet 73 for 
7 months. X 235. B, Degenerative and proliferative hepatitis of liver of rat on diet 73 for 
12 months. X 155. (A, upper, and B, lower part of figure.) 
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stages of degeneration with the pyknotic 
nuclei sometimes representing the only re- 
maining cellular debris. These necrotic 
areas infrequently became infiltrated with 
polymorphonuclear leukocytes, but rarely, 
if ever, with any lymphocytes or plasma 
cells. This process fre- 
quently involved the parenchymal cells 
around the portal spaces, leaving the bile 
When there 
was sufficient collapse of parenchyma, 


degenerative 


ducts still well-preserved. 


many bile ducts appeared crowded into a 
small area, and sometimes there was epi- 
thelial hyperplasia with three or four layers 
of cells (fig. 12, B). Scattered through 
such areas was a slight proliferation of 
fibroblasts, sparsely strung out between bile 
This 


lesion was considered a degenerative hepa- 


ducts and remaining hepatic cells. 


titis, eventuating into cirrhosis in some 
cases. 


Heart 


Grossly, no lesions were observed in the 
myocardium, but microscopically, there 
were many focal areas of myocardial de- 
generation and fibrosis (fig. 13, A). 
These areas appeared not unlike healing 
infarcts. The lesions were not related to 
a disturbance in the coronary vessels, how- 
ever, since the latter appeared intact. 
Muscle fibers, individually and in groups, 
became necrotic and disappeared, followed 


by fibrosis. Inflammatory cells were not 


TABLE 2. 


present. This lesion was considered to b« 


focal degenerative myocardial fibrosis. 


Kidney 


Grossly, the capsule of the kidney 
usually appeared smooth, but occasionally 
there were small retracted areas. In such 
areas minute cortical scars were present 
microscopically (fig. 13, B), which may 
not have been the result of experimental 
procedure, but rather the aging of the 
animals. These lesions were also observed 
in old control animals, but less frequently. 
In the experimental animals, the lumina 
of the collecting tubules were frequently 
filled with granular debris. 
nature of this material 


mined. 


The exact 
was not deter- 
It did not contain iron or red 
blood cells. Often the lining cells were 
atrophic and showed areas containing 
mitotic figures. No exudate was found 
This lesion 
appeared to be of the nature of a tubular 
nephrosis. 


between adjacent tubules. 


Table 2 gives the histologic changes 
which liver and 
glandular stomach of rats on these heated 
fat diets. Most of the degenerative hepa- 
titis occurred in the group fed the diet 
heated to the highest temperature. No 
degenerative hepatitis was found in the 
control group, and only one animal had 
hepatitis in the group receiving diet 75, 


were observed in the 


Liver and stomach lesions in rats fed heated lard diets 





Heat treatment of lard 


Temperature Time 


Minutes 
None (control) ! 
300 30 
300 120 
350 30 
None; 12 percent unheated fatty acids 2 ‘ 


Moderate) Marked cases 


Number 


Glandular stomach 

Degener- 
ative 

hepatitis 


Fatty changes 
va Carci- Sar- 
noma coma 


Number Number | Number 


Number Number 
0 ( 

5 : 0 
l 0 
13 0 
1 0 


8 
‘ 
2 


1 
ot) 





' 1 animal had a highly anaplastic sarcoma of the lung at 26 months. 


21 animal had a lung neoplasm, a bronchiogenie carcinoma, when 27 
degeneration and fibrosis were present in an animal 27 months old. 


27 months old; 1 ovarian tumor and also myocardial 
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Ficure 13.—A, Myocardial degeneration and fibrosis in heart of rat on diet 72 for 18 months. 
< 225; B, Nephrosis in rat on diet 74 for 15 months. X 415. (A, upper, and B, lower 
part of figure.) 
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which contained unheated lard and free 
fatty acids from unheated lard. Half of 
the glandular ulcers observed were in the 
animals that received the diet heated to 
the highest temperature. One ovarian 
tumor and two lung neoplasms were found 
in rats 26 to 27 months old. These lesions 
were probably of spontaneous origin. 


DISCUSSION 


It is impossible to say at this time why 
the experiments described herein did not 
give results similar to those obtained by 


Roffo. 


There are few statistics available 


. . ‘ 
on stomach and liver lesions normally 


present in old rats. Roffo’s protocols indi- 
cate that some animals lived longer than 
How- 
ever, only about one-half of the total num- 
ber of rats with which Roffo started are 


accounted for in his published records. 


those in the present experiment. 


The diet Roffo used appears to have 
been less rich in several essential dietary 
constituents, as compared with the basal 
diet used in this work. Therefore, it is im- 
possible to say whether or not basal-diet 
differences could have been responsible for 
the striking difference in the lesions found 
There 
were many animals in our groups receiving 


in the stomach and other organs. 


heated fat which showed very definite clin- 
ical evidence of toxicity. The chemical de- 
composition of heated lard observed by 
Larsen and Morris (78), which appeared 
to be a function of the time and tempera- 
ture of heating, resulted in the disruption 
of some double bonds. Triglycerides were 
We be- 
lieve the resulting fatty acids, or their radi- 


rapidly disrupted above 330° C. 


cals, combined in part in the form of un- 
saponifiable aliphatic ketones. Digitonin- 
precipitable cholesterol disappeared in the 
lard heated at 350° for 30 minutes. This 
decomposition of the lard components by 


heat seems likely to have produced toxic 


materials. The histologic evidence of tox- 
icity observed in the liver, heart, and kid- 
ney of many animals in the groups fed 
heated fat may have been due to some of 
these as yet unknown pyrolytic products. 
Experiments have now been started to 


determine the type of lesion normally pres- 


ent in the stomachs of old rats on a stock 
diet. It is of interest to determine whether 
or not the chronic deep ulcers observed 


may be of frequent occurrence in old rats. 
SUMMARY 


Five groups of rats were fed five nutri- 
tionally adequate diets containing 50 per- 
cent of lard, for 27 months. In two diets 
the lard was heated to 300° C. for periods 
of 30 minutes and 2 hours, respectively: 
in another, the lard was heated to 350° for 
30 minutes. The lard in the other two 
diets was not heated. 

There was very little difference in sur- 
vival between the control group and the 
groups receiving heated fat, at 21 months, 
when only about 5 percent of the original 
animals were still alive. In the group of 
rats fed 12 percent of the fatty acids of 
unheated lard in place of an equal amount 
of lard, 25 percent were still alive at 21 
months. 

A progressive type of paralysis having 
some characteristics of vitamin E deficiency 
in adult rats was observed in some of the 
animals that were fed the heated-fat diets. 
The paralysis first involved the forelegs 
and head and was accompanied by trem- 
ors; in the later stages a definite lack of 
co-ordination in walking was observed. 

Rats maintained on a diet consisting of 
50 percent of unheated lards were able to 
increase in body weight during the experi- 
mental period. Other rats, maintained on 
diets containing heated lard in the same 
amount, were scarcely able to maintain 
their body weight, and many gradually lost 
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weight during the entire experimental 
period. 


Neither gastric nor hepatic neoplasms 


were found under the experimental condi- 


tions employed. Chronic gastric ulcers 


appeared in a few rats, and cirrhosis of the 
liver in many fed the heated-fat diets. 

Lesions observed in the heart and kidney 
are also described. 
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Influence of Irradiation-Killed Cells on 
Tumor Growth 


By Paut S. Hensuaw, senior radiobiologist, with the technical assistance of HENRY 
L. MEYER, scientific aide, National Cancer Institute, National Institute of Health, 


United States Public Health Service 


Clinical experience has shown repeat- 
edly that tumors can be made to regress 
and in some cases disappear completely 
by treatment with roentgen and gamma 
rays. Just how such radiations act to 
cause tumor regression, however, is not 
fully understood. 

From a wide variety of experimental 
evidence, especially that dealing with free 
living cells, it is known that cells may be 
killed by the direct action of radiation. 
Although it seems certain that direct kill- 
ing action is responsible in part for tumor 
1), there 
is evidence that indirect action also must 


regression following irradiation 
play a part. Changes produced outside 
or even remote from the cells in question 
appear to have an influence, as illustrated 
by the following facts: (1) Tumor cells 
irradiated in vitro are more resistant than 
when irradiated in vivo (2, 3); (2) tumor 
cells transplanted to an irradiated area are 
less likely to grow than when transplanted 
to a nonirradiated area (4); and (3) 
irradiated tumor cells that are undergoing 
satisfactory regression will grow (and kill 
the host) if transplanted to a new location 
(5, 6). 

Three possible types of indirect action 
may be listed: (1) Damage to the blood 
vascular system resulting in an altered 
tumor metabolism; (2) modification of 
both the stroma and malignant cells fol- 
lowed by leukocytic infiltration, fibrosis, 
and encapsulation; and (3) generation of 
toxic tissue products (necrotoxins). It is 


the purpose of this report to present ex- 


perimental results dealing with the last of 
these. 

It is at least plausible that the decom- 
position products of cells killed outright 
by the radiation may exert a detrimental 
effect on remaining viable tumor cells. 
Three types of experiments have been 
carried out to investigate the influence of 
irradiation-killed tumor cells on the be- 
havior of viable tumor cells. 

In all cases, mouse sarcoma 37 was used 
in young Dilute Brown male mice. Ordi- 
narily, 0.02 to 0.04 ml. of finely macerated 
pulp of this tumor inoculated subcutane- 
ously will produce tumors in 100 percent 
of the animals. The tumors grow rapidly 
and kill the host animal in 10 to 20 days. 
Roentgen doses of 5.000 r applied to such 
tumor pulp before inoculation prevents all 
tumor growth. Furthermore, similar doses 
applied tangentially to well-established 
tumors growing in vivo cause complete 
regression in most (85-90 percent) of 
These results form the basis of 
the present study; and by way of indicat- 
ing reliability, it may be pointed out that 
such findings have been obtained almost 


the cases. 


routinely in a long series of tumor-irradia- 
tion experiments involving such steps. 


EXPERIMENTAL PROCEDURE 


EXPERIMENT | 


An adequate amount of select tumor 
material was obtained under aseptic con- 
ditions, put through a small hand press 
for maceration, and placed in two small 
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circular aluminum boxes with covers. The 
latter provided proper aseptic conditions 
and served as convenient vessels for hold- 
ing the material during treatment. 

X-rays were obtained under the follow- 
ing conditions: 200 kv., 20 ma., 25 cm. 
distance and 0.25 mm. copper plus 0.55 
mm. aluminum filter. The intensity at 
the point of treatment was 200 r per 
minute, making the exposure for 5,000-r 
doses 25 minutes. 

Following treatment, both treated and 
nontreated pulp materials were drawn up 


into separate syringes and carefully meas- 


ured into aluminum containers in such a 
4 


manner as to obtain mixtures of the fol- 
lowing proportions: 25 percent irradiated 
pulp plus 75 percent nonirradiated, 50 
percent irradiated pulp plus 50 percent 
nonirradiated, 75 percent irradiated pulp 
plus 25 percent nonirradiated. Ten inoc- 
ulations were then made with each type 
of mixture, and the host animals were 
observed for tumor growth. 

Tumors were obtained in all cases; the 
tumors grew rapidly and killed the animals 
in 10 to 20 days. It is clear, therefore, 
that an excess of nonviable irradiation- 
killed cells in the injection masses did not 
inhibit tumor formation. 


EXPERIMENT 2 


In the second experiment 10 well-estab- 
lished subcutaneous tumors, 4 to 5 mm. 
Irradiation- 
killed pulp was then secured, as described 


in diameter, were obtained. 


previously, and was inoculated subcutane- 
ously into the region immediately sur- 
rounding the growing tumor masses. Five 
or six blebs of the nonviable tumor pulp 
were injected around the growing tumor 
in such a manner as to surround the grow- 
ing tumor with dead tumor pulp 3 to 4 
The lengths and breadths 


of the growing tumors were measured at 


times its size. 


regular intervals, and the times of death of 
the host animals were recorded. 

Again it was found that the rate of 
growth was not impaired by the presenc« 
of nonviable tumor material and _ that 
death of the host animal occurred as 
normally in 10 to 20 days. 


ExPE2IMENT 3 


As mentioned, 5,000 r applied tangen- 
tially to the tumor causes complete regres- 
sion in 85 to 95 percent of the cases. The 
host animal’s body was shielded with lead 
in such a manner that only the tumor mass 
was exposed to the direct beam of the rays. 
Tumors exposed to doses of 5,000 r in this 
manner are usually so severely damaged 
that the tissuessslough leaving an ulcer that 
heals slowly. 

Ten animals were selected which bore 
tumors 10 to 15 mm. in diameter, and the 
tumors were exposed to 5,000 r as de- 
scribed. Immediately following treatment, 
0.04 mg. of normal viable pulp was injected 
directly into the irradiated tumor masses. 
Thus, effectively, a small mass of viable 
tumor was again enveloped in a much 
larger mass of dead tumor material, in this 
case including an intact vascular and con- 
nective tissue bed. 

Noting the behavior of the tumors, we 
found that sloughing occurred as usual and 
How- 


ever, without exception new tumors arose 


that slow-healing ulcers appeared. 
in the scarred areas. Hence, since only a 
small percentage of recurrences were found 
in control experiments where no injections 
were made, it seems clear that at least part 
of the new growths arose from the inocula- 
tions. Furthermore, since all new tumors 
grew as rapidly as controls after they were 
once established, it is obvious that the 
viable tumor cells experienced no ill effects 
from the presence of irradiation-damaged 
tumor tissues in the immediate vicinity. 
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SUMMARY AND CONCLUSION 


Three types of experiments have been 


carried out to investigate the influence of 
irradiation-killed tumor cells on other liv- 
ing tumor cells. 

In the first case, killed and viable pulp 


were mixed in varying proportions before 


subcutaneous inoculation; in the second, 
well-established small tumors were en- 
veloped in subcutaneously inoculated ir- 


radiation-killed pulp; and in the third, 


viable cells were inoculated into the center 
of the large irradiation-killed tumors. In 
all cases, the viable cells grew as though no 
dead cells were present in the immediate 
neighborhood. 

It may be concluded, therefore, that so 
far as the material tested is concerned, 
irradiation-killed cells or their decompo- 
sition products exert no inhibitory influ- 
ence on the growth potentiality of viable 
tumor cells. 
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Induction of Pulmonary Tumors in Mice 


With Ethyl Carbamate (Urethane) 


By ANDERSON NETTLESHIP, passed assistant surgeon (R), and Paut S. HENsHaw, 
senior radiobiologist, with the technical assistance of Henry L. MEYER, scientific 
aide, National Cancer Institute, National Institute of Health, United States Public 


Health Service 


Some months ago the writers noted with 
surprise that the lungs of 26 of 29 young 
C3H female mice in a certain experimental 
series showed multiple (1 to 6) pulmonary 
tumors. These animals had received only 
local roentgen-ray exposure to a skin fold 
drawn out from the animal body with sur- 
gical thread. Grossly and microscopically, 
these tumors resembled in every respect the 
pulmonary tumors of mice described by 
other investigators (J—/2). Since the nor- 
mal incidence of such tumors in this strain 
of mice was known to be less than 5 per- 
cent, the treatment procedure was exam- 
ined to determine if possible the factors 
responsible for tumor induction. 

Although the bodies of the animals had 
been protected from the direct beam of the 
radiation, it was known that some scattered 
More- 
over, anesthesia (urethane) was adminis- 


radiation penetrated to all parts. 


tered by intraperitoneal injection to facili- 
tate handling. Thus, three possible car- 
cinogenic agents could be listed: (1) Di- 
rect radiation, which produced changes 
in the skin and which affected the lungs 
secondarily; (2) scattered radiation, which 
acted directly on the lungs; and (3) the 
anesthetic. 


TEST FOR CARCINOGENIC 
AGENT 


Experiments were devised to test each of 
the factors individually and in all possible 
combinations, using the same age, strain, 
and sex of mice, and the same experimental 


treatment. The treatments consisted of 


14 weekly intraperitoneal injections, with 
an interval of 7 months between the be- 
ginning of treatment and autopsy. The 
dosage of urethane was | ml. of a 10-per- 


cent aqueous solution per 100 gm. of body 
weight, or 0.25 ml. per mouse, as the ani- 
mals weighed uniformly 23 to 26 gm. at 
the time they were treated, Since in pre- 
vious experiments the tumors appeared 
independently of the size of the dose of 
radiation applied, an intermediate dose of 
500 r only was used. The results are shown 
in table 1. 

With the exception of 1 animal in 
series 5, lung tumors occurred only in those 


TasBLe 1.—Lung tumors produced with various 
treatments 





Animals 
m onc 
Ani- nee eee 
mals 
Series " —- . 
Nie. rreatment viv- : 
ing Gross 
treat- | exam- 
ment ina- 
tion 


Micro- 

scopic 

exam- 
ina- 
tion 


Num-| Num-| Num-, Num- 
ber ber ber ber 
Anesthetic only 10 8 7 
Anesthetic and di- | 
rect rays 10 
Anesthetic and in- | 
direct rays. 10 
| Anesthetic, direct 
and indirect rays 20 
Direct rays only 10 
Indirect rays only '. 10 
Controls 10 
25 r whole body 2 10 





1 The combination of direct and indirect rays without 
anesthesia is not shown. ‘This combination was started, 
however, but anesthesia was given twice by mistake early 
in the treatment series. Five of nine animals showed 
tumors. 

2 It was estimated on the basis of ionization measurements 
that for doses of 500 r applied to skin folds as described, 
doses of about 25 r of scattered radiation reached the lungs. 
As another experimental variation, this dose was admin- 
istered directly to the whole body. 
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animals to which anesthetic had been 
given. ‘Thirty-eight of the fifty animals 
receiving urethane showed tumors, whereas 
only | of the 40 that did not receive ure- 
thane showed a single tumor. 

Urethane is a comparatively simple com- 
pound (NH.COOC.H;) and is one of the 
simplest chemical agents found thus far 
to have carcinogenic effects. Numerous 
questions were raised by the new findings, 
and new avenues of approach were opened. 
What was the minimal number of treat- 
What 
was the minimal dosage of urethane and 
Was it 
possible that this simple agent acted di- 
rectly on the cells of the lung alveoli to 
Were the tu- 
mors caused by repeated anesthesia or by 
Did the an- 


esthesia serve to release a latent virus? An 


ments that would induce tumors? 


the minimal time of appearance? 


cause malignant changes? 
impurities in the urethane? 


approach to some of these problems lay 
through the detailed study of the lungs and 
tumors of animals and 


through additional experiments. 


experimental 


PATHOLOGY OF THE TUMORS AND 
ASSOCIATED LESIONS 


Grossly, the lung tumors observed in 
C3H mice, as well as those in strain A 
mice were found chiefly to lie scattered 
beneath the pleura (fig. 1), although some 
were seen to be deeply situated in the lung 
parenchyma. The nodules measured up 
to 2 or 3 mm. in diameter, were semi- 
transparent and often slightly elevated. 
Occasionally we confused a minute sub- 
pleural focus of lymphoid cells with tumor, 
but invariably these were listed as ques- 
tionable at the time of gross examination. 
All doubtful cases were examined micro- 
scopically, every tenth serial section being 
studied. 


usually considered as an adequate quan- 


While the peripheral index is 


titative measure of the occurrence of these 


tumors, the figures obtained are onl) 
approximate in any case, since som¢ 
tumors do not extend to the surface 
Aside from noting the gross similarity of 
these tumors to those previously detailed 
in the literature, our description will be 
confined chiefly to the microscopic aspects, 
the early phases of tumor formation, and 
the associated lesions. 

The lungs were fixed in 


Zenker’s formol solution for microscopic 


routinely 
examination. Paraffin sections were made, 
and the tissues were stained with haema- 
toxylin and eosin in the usual manner. 
The earliest lesions which could be iden- 
tified with certainty as neoplastic appeared 
to be of two types. One consisted of an 
accumulation of glandlike cells in a region 
which may or may not be connected with 
a terminal bronchus. By the examination 
of multiple sections, it was sometimes pos- 
sible to observe an intimate association of 
early tumor with a bronchus. Figure 2, 
A, shows a small, but nevertheless well- 
established tumor consisting mainly of 
glandlike cells. Figure 2, B, shows a 
group of enlarged hyperchromatic cells 
along the walls of an alveolus which may 
be an earlier stage of this type of tumor. 
The neoplastic character of these cells, 
together with their similarity in appear- 
ance to well-established tumors of the 
same type (figs. 2 and 4), warrants calling 
the cell groups adenomas. The other type 


of tumor occurred much less frequently 


It was composed of large, pink-staining 
cells with dark nuclei and had no partic- 
ular pattern (fig. 3). Whether these 
tumors should be considered apart from 
the adenomatous type is as yet not certain, 
although the distinctions may be traced 
back to very early stages. The origin of 
both tumor types is not clear. 

Both types as a rule show few or no 
inflammatory cells and almost no mitosis. 
When inflammatory cells do occur, they 
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Ficure 1.—Gross appearance of tumor nodules in the lungs of C3H mice. 


are of the lymphoid-cell type and are 
found in groups (figs. 2, 3, and 4). 

It is interesting that the different tumors 
appear to arise in the absence of signifi- 
cant damage to lung tissues. Microscopic 
examinations of the lungs of both control 
and tumor-bearing animals showed mod- 
erate emphysema and pleural thickening. 


The same was true for peribronchial lym- 


Some cases of 
bronchiectasis, purulent bronchitis, and, 


phoid cell accumulations. 


rarely, acute pneumonia were seen, but 
they were distributed alike among experi- 
mental and control animals. 

As early as 8 to 12 weeks after treat- 
ment started, curious small cellular foci 
were found (fig. 5). While the signifi- 
cance of these lesions is not clear, it is 
suspected that the type shown in figure 5, 
A, is the early lesion associated with the 
massive, monocytic, lipoid-type pneumonia 
due to occur later, and that shown in 
figure 5, B, while not greatly different 
from A, is more likely to be precedent to 
the lung tumors (figs. 2, A, and 4, A, and 
B). The focus in figure 5, A, is composed 
of large and small monocytic cells of a 
single variety (interspersed with lympho- 


cytes), whereas in figure 5, B, there are 
two varieties of cells, one clearly mono- 
cytic and similar to the large ones in A, 
and the other elongated, with scant cyto- 
plasm and containing an elongated dark 
staining nucleus.. Whatever the nature of 
these foci, they gradually disappeared as 
the experiment progressed. In the !ater 
states, either true lung tumors or massive, 
monocytic pneumonia could be seen (fig. 
6). It seems significant that lung tumor 
and pneumonia were never seen in the 
The lungs showed either 
tumor or pneumonia, but never were the 


same animal. 


two found associated. 

Since the pneumonia-type lesions seen 
here may occupy whole lobes or large seg- 
ments thereof and since they are made up 
essentially of monocytic-type cells, with 
scattered lymphocytes and few neutro- 
philes, the lesions are suggestive of the virus- 
type pneumonias (13, 14). The question 
has therefore been raised whether urethane 
may not act through a virus-type mecha- 
nism in producing pulmonary tumor. 
This possibility is mentioned here only 
because we are not in a position at this 
time to pursue virus investigations. 
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Figure 2.——-Early lung tumors of C3H mice. A, An accumulation of glandlike cells possibly 
associated with a terminal bronchus; B, Hyperchromatic, and enlarged cells along the wall 
of an alveolus. Haematoxylin and eosin stain. X 200. 





PULMONARY TUMOR INDUCTION WITH ETHYL CARBAMATE 


Figure 3.— 


MINIMAL NuMBER OF TREATMENTS 


An experiment was carried out to de- 
termine the smallest number of anesthetic 
treatments required to produce lung tu- 
mors. Six lots of mice of the same strain, 


age, and sex as described previously were 


used. Minimal anesthetizing doses injec- 


ted intraperitoneally were given in every 
case. Autopsies were performed within 5 
months after the treatment series started. 
The results are shown in table 2. 

In this experiment, one animal of the 
control group showed a single lung nodule 


TasBLeE 2.—Lung tumors appearing after different 
number of treatments 





Weekly | Animals 
treat- at begin- 
ments ning 


Animals 
with lung 
tumors 


Animals 
at end 


Number | Number | Number | Number 
10 g 
10 10 
10 10 

10 10 

10 7 

10 9 


wom 





556830 —43 


Early lung tumor of C3H mice, composed mainly of large pink-staining cells with 
dark nuclei and having no particular pattern. 


Haematoxylin and eosin stain. 


x 200. 


(the only nontreated animal of all the ex- 
periments to show a lung tumor). The 
treated animals show a graded incidence of 
tumors with respect to dosage. While the 
results suggest that one or two treatments 
may be sufficient to induce tumors, the 
figures are not large enough to be statis- 
tically significant. The idea that only one 
or two treatments may produce tumors, 
however, is strengthened by the evidence 
in footnote 1, table 1. In this case two 
anesthetizing treatments were given and 
five out of nine animals developed tumors. 
It is possible that more tumors would have 
been seen in the present series if an interval 
of more than 5 months had been allowed 
before autopsy. The results are sufficient, 
however, to show that the tumors were 
induced by the application of a small num- 
ber of anesthetizing doses. 


MINIMAL TIME OF OCCURRENCE 


An experiment involving 60 animals 
was set up and carried out in the same man- 
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Haematoxylin and eosin stain. 
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A, Well-established tumor of a C3H mouse. 


JOURNAI 


ciated tumors in a strain A mouse. 


A and B. 


licure 4.—Lung tumors. 
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Ficure 5.—Cellular accumulations in treated animals. A, Lesion possibly associated with early 


pneumonia; B, Possible early lung tumor. Haematoxylin and eosin stain. X 200. 
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Ficure 6.—Massive, monocytic pneumonia. A, x 900; B, X 200. 
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ner as that for determining the minimal 
number of treatments, except that 2 ani- 
mals from each series were killed each 
month after treatment started and the 
lungs were examined for tumors. The re- 
sults are shown in table 3. 

As indicated, three criteria may be uti- 
lized for determining the presence of lung 
tumors: The presence of tumors seen 
grossly, the presence of tumors seen micro- 
scopically, and the presence of cellular foci 
seen microscopically. Since it was found 
that gross observations of tumors were 
usually confirmed by microscopic observa- 
tions, these divisions may in a sense be con- 
sidered to represent different stages of de- 
velopment of the tumor, the cellular foci 
representing the earliest morphologic evi- 
dence of tumor formation, the microscopic 
tumor representing an established tumor 
but one not visible to the unaided eye, and 
the gross tumor an established visible 
tumor. 

Table 3 shows that at 2 months some evi- 
dence of tumors was seen in those animals 
that received four or more weekly treat- 
ments. Likewise, at 3 and 4 months, simi- 
lar evidence was seen when fewer treat- 
ments were given. These findings are con- 
sistent with the work of Grady and Stewart 


(11), who found evidence of lung tumors 
as early as 6 to 8 weeks after injection of 
1, 2, 5, 6-dibenzanthracene, and suggest 
that the rate of malignant change in lung 
tissue is probably the same irrespective of 
the nature of the inciting agent. 


EFFECT OF URETHANE ON LUNG TUMOR 
INCIDENCE IN STRAIN A MICE 


It has been shown by Heston (10), 
Bittner (9), and others that the normal 
incidence of lung tumors in strain A mice * 
is above 75 percent in animals 18 months 
of age. Ten strain A mice were given 14 
weekly treatments of urethane as described, 
and 10 others were kept as controls. All 
animals were killed 412 months after the 
treatments started. All 10 control animals 
survived the treatment interval and 1 lung 
tumor was found in 1 animal at this time. 
Only 8 of the experimental animals sur- 
vived treatment, but all showed numerous 
(45 to 64) peripheral tumors (fig. 7), 
which were morphologically the same as 
those described. The results indicate that 
the time of occurrence of lung tumors due 
to arise spontaneously later in life was 
moved forward. 


* Albino mice inbred for the spontaneous 
occurrence of lung tumors. 


TABLE 3.— Time of occurrence of tumors ! 





Tumor development at different times 





Number of treat- 
ments 2 months 








4 months 5 months 





0 (controls) --- 
1 ESS 


ia ec .....| Microscopic tumor 
Single focus; microscopic Multiple foci; 
scopic tumor. 
Multiple foci; micro- | Multiple foci; 
scopic tumor. 
Multiple foci; micro- | Multiple foci; 
scopic tumor. 


tumor. 
scopic tumor. 


scopic tumor. 


micro- | Gross tumor 


Microscopic tumor; gross 
tumor. 
Microscopic tumor 


micro- | Microscopic tumor, | Microscopic tumor; gross 


gross tumor. tumor. 
Gross tumor. 


micro- | Microscopic tumor; | Microscopic tumor; gross 


gross tumor. tumor. 





1 The various notations indicate in a general way the degree of tumor development at different times. ‘‘Single focus’’ means 
that a single focus of cells was seen microscopically in the sections examined; “multiple foci”’ refers to the fact that more than one 
such focus was seen; ‘‘microscopic tumor” indicates that a small, but well-established tumor was seen microscopically, but none 
was seen grossly; ‘‘gross tumor’’ means that one or more well-established tumors were seen grossly. 








A 


Figure 7.—Lungs from strain A mice. 


7 to 9 months of age. 
urethane and killed at the same age. 


SUBANESTHETIZING DosEs OF URETHANE 


It was important to determine if pos- 
sible whether the anesthetizing action of 
the urethane was responsible for the 
Ten C3H 


animals were given the same amount of 


malignant changes observed. 
urethane (0.25 ml., 10 percent-aqueous 
solution) each week for 14 weeks but in 
subanesthetizing doses, 0.07 ml. being in- 
jected on Monday, Wednesday, and Fri- 
day of each week. Thus the same amount 
of urethane was introduced into the ani- 
mals each week but not in sufficient 
amounts at any time to produce anes- 
thesia. Eight of the ten animals survived 
41% months at which time all were killed. 
Four of the eight showed one to three well- 
defined tumors. 


It appears that anesthetic action is not 
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Upper row: lungs from nontreated controls killed at 
Lower row: lungs from animals receiving 14 weekly treatments with 


an essential part of the induction process, 
thereby necessitating that attention be 
directed toward other effects of urethane 


DIFFERENT Lots oF URETHANE 


The question arose whether induction 
was brought about by the urethane (which 
was chemically pure) or by some impurity. 
Urethane from two different lots (packed 
by different distributing houses) and a 
purified sample were tested. 

Purification was accomplished by crys- 
tallization from a mixture of ether and 
hexane. The fact that the melting point 
was not raised by more than 0.1° C. shows 
that organic impurities were present in 
very small amounts. However, ether- 
insoluble impurities as well as volatile sub- 
stances responsible for the odor of the CP. 
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material were removed. The final prod- 
uct was practically odorless and melted at 


48.5°-49.5° C. (corrected). 

Positive results were obtained with all 
three lots of urethane in more than half 
of the animals tested. The findings there- 
fore do not support the idea that the 
inductions were due to impurities. 


SUMMARY 


Intraperitoneal injections of minimal 
anesthetizing doses of ethyl urethane re- 
peated at weekly intervals was found to 
increase the incidence of lung tumors in 
C3H female mice from less than 5 per- 
cent to more than 75. Two lots of ure- 
thane (CP.) as well as a purified sample, 
were tested and positive results obtained. 





The tumor type was found to be largely 
the characteristic lung adenoma, although 
a possible second type with different fea- 
tures was seen. Both appeared to arise in 
a tissue which showed little or no injury. 

Preliminary results indicate that the 
tumors may be detected within 2 to 3 
months after treatments start and that 
only a few treatments (perhaps only one 
or two) are required to bring about their 
induction. 

Subanesthetizing doses of urethane in- 
creased lung tumor incidence significantly. 

In animals having a high incidence of 
spontaneous lung tumors (strain A mice), 
the time of occurrence of the tumors was 
moved forward several months by the in- 
jection of urethane. 
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Ascorbic Acid Content of Tumors and 
Homologous Normal Tissues 


By Wituiam vaN B. Rosertson, research fellow, National Cancer Institute, National 
Institute of Health, United States Public Health Service 


The ascorbic acid (vitamin C) concen- 
tration in several neoplasms has been re- 
ported by previous investigators (]-4). 
However, with the exception of Fujiwara 
et al. (5) and Iki (6), who determined 
ascorbic acid in normal liver and hepatic 
tumor, and Carruthers and Suntzeff (7), 
who determined the vitamin in epidermal 
carcinoma and epidermis, none of the 
workers has compared the concentration in 
tumors with that in the normal tissue of 
origin. The necessity of comparing bio- 
chemical characteristics of neoplastic tis- 
sues with those of suitable normal control 
tissues in order to elucidate changes which 
occur owing to malignancy, is obvious. 
This paper presents the results of the de- 
termination of ascorbic acid in tumors, in 
the normal tissues in which the tumors 
arose, and in tissues of homologous histo- 
logic type, Although the question of 
which cell of the normal tissue is the cell of 
origin has not been answered for all of the 
tumors studied, we believe that the com- 
parison between tumor and tissue of origin 
will aid in the differential characterization 
of normal and malignant tissues. 


METHODS 


The tumors analyzed were, with the ex- 
ception of the primary spontaneous mam- 
mary adenocarcinomas, transplanted tu- 
mors of the rat and mouse carried at this 
Institute. Comparable normal tissues were 
taken from the same strain of animals, un- 
less otherwise noted. Since rats and mice 
are able to synthesize ascorbic acid and 
presumably maintain a physiologic concen- 


tration in tissues, no specific dietary con- 
trol was used and the animals were allowed 
to eat an ascorbic acid free diet, Purina 
dog chow, ad libitum. 

The animals were killed by decapitation 
or cervical dislocation; the tissues were re- 
moved immediately, then freed as far as 
possible of necrotic material and of en- 
cysted or superficial fluid and blood. As- 
corbic acid was determined in 5 percent 
metaphosphoric extracts of these tissues by 
titration with 2,6-dichlorphenolindophenol 
by using the method of Bessey and King 
(8). Duplicate analyses were run when 
possible on individual tissues, but for some 
of the smaller organs it was necessary to 
pool corresponding tissues from several 
animals approximately as follows: lymph 
nodes from 3 animals, pyloric stomach 
from 5 and forestomach from 10 mice, 
small intestine from 2 mice, and lungs and 
Previous in- 
vestigators have shown that the concentra- 


salivary glands from 4 mice. 


tion of ascorbic acid in various tumors 
determined by titration with dye agrees 
with that determined by bioassay (9, 10) 
and by spectrophotometric measurements 
(10, 11). The results of this study are 
predicated on the assumption that this 
finding could be extended to all tumors. 


RESULTS 


Hepatoma 31 in Osborne-Mendel rats 
(12), and spontaneous hepatomas 587 
(13) and 98/15 (/4) in strains A and C3H 
mice, respectively, were especially favor- 
able tumors for comparison with normal 
tissues of origin. Not only has their origin 
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TABLE 1.- 


Ascorbic acid in hepatoma and liver 





Ascorbic acid per 
Number 100 gm. of fresh 
Sian a tissue 
animals ee 


Range Average 


grams 
Hepatoma 31 in rats 32 
Normal rat liver 

Regenerating rat liver 

Fetal rat liver 2 


Hepatoma 587 in A mice 
Hepatoma 98/15 in C3H mice 
Normal mouse liver 





! 72 hours after partial hepatectomy. 

2 Livers of fetuses from each of 7 mothers pooled. 
stage of pregnancy ranged from the seventeenth to the 
twentieth day. 

The values for strains A, C3H, dba, and C57 Brown 
mice were averaged as no strain difference was evident. 


4 
from hepatic parenchymal cells been es- 


tablished, but these parenchymal cells com- 
prise over 90 percent of normal liver. Fur- 
thermore, two rapidly growing homologous 
tissues, fetal and regenerating liver, were 
available for comparison. The ascorbic 
acid concentration in hepatic tissues is pre- 
sented in table 1. 

The concentration of ascorbic acid in 
hepatoma 31 averaged 32 mg. per 100 gm. 
of fresh tumor which was about 50 percent 
higher than in normal liver. This was 
about the concentration found by Fujiwara 
etal. (5) in the transplanted Ikubo hepa- 
toma but was considerably higher than that 
found by Iki (6) in primary hepatomas in- 
duced by feeding rats p-dimethylaminoazo- 
benzene. No significant differences were 
observed between fetal and regenerating 
liver and normal liver even though the first 
two tissues grow at an accelerated rate. 
Actually the average concentration in re- 
generating liver was somewhat lower than 
that in normal liver. It was, therefore, ap- 
parent that the increased growth rate of 
hepatoma, which, however, was less than 
that of fetal or regenerating liver, could 
not be directly correlated with the high 
vitamin concentration. 

The ascorbic acid concentration in the 


mouse hepatomas was slightly lower than 


TABLE 2.- 
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in rat hepatoma 31, although their tissu 
of origin, mouse liver, actually containe: 
more ascorbic acid than did rat live: 
Hepatoma 98/15, a very slow-growin 
tumor, contained less ascorbic acid thai 
hepatoma 587, and the possibility suggeste: 
itself that within one tumor type ascorbi 
acid and rate of growth might be corr 
lated. This question will be discussed in 
more detail later. 

The ascorbic acid concentration of vai 
ious lymphomas and lymph nodes was de- 
termined (table 2). Histologic evidenc 
indicated that the lymphomas arose in 
lymph nodes, but the exact cell of origin 
has not been established. However, the 
bulk of the cells in a lymph node are 
lymphoidal elements, and the node was 
considered a suitable homologous tissue 
for comparison with these tumors. 

The mouse leukosis 729421 and the 
Murphy rat lymphosarcoma (/5), both lo- 
calized lymphomas which do not produce 
a leukemia until late in their development, 
contained lower concentrations of ascorbic 


acid than did the lymph nodes in which 


Ascorbic acid in lymphomas and normal 


lymph nodes 





Ascorbic acid per 
100 gm. of frest 
Number tissue 
rissuc of 
animals 
Range | “Ver 
ave 


Milli- §Milli- 

Murphy lymphosarcoma in grams | grameg 

rats ‘ 23-36 ” 
Leukemic nodes and thymus of 

rats injected intraperitone- 

ally with Murphy lympho 

sarcoma 
Normal rat lymph nodes 


Leukosis 72942 in A mice 

Leukosis P1534 leukemic nodes 
in dba mice 

Leukosis Y103 leukemic nodes 
in dba mice 

Normal mouse lymph nodes 





* Leukosis 72942 arose spontaneously in a 
male strain A mouse. The primary tumor was 
diagnosed as a leukemic lymphomatosis, and 
although certain variations appeared in later 
generations of the transplant, Dr. G. B. Mider 


considered this diagnosis as probably correct. 








ASCORBIC ACID CONTENT OF TISSUES 


In contrast therewith, the as- 
orbic acid concentration of the affected 
nodes of mice with leukosis Y103,? a gen- 


they arose. 


‘ralized leukemia, was about 50 percent 


higher than that of normal nodes; in fact, 
this was the highest concentration found 
in any of the neoplasms studied or pre- 
viously reported. The leukemic nodes of 
mice with leukosis P1534,° a generalized 
leukemia similar to Y103, contained the 
same amount of ascorbic acid as did nodes 
from normal mice. These generalized 
leukoses also involved liver and spleen, but 
these tissues were not found to contain 
appreciably more ascorbic acid than com- 
parable normal tissues (34 mg. per 100 
gm. and 43 mg. per 100 gm., respectively) 
although they were heavily infiltrated with 
lymphocytes. 

When 
the Murphy lymphosarcoma produced a 


transplanted intraperitoneally, 
generalized leukemia which killed the rats 
within a week. The concentration of as- 
corbic acid in leukemic nodes and thymus 
of these animals was about the same as in 
the local tumor which arose upon subcuta- 
neous injection. 

An especially large variation, which cor- 
related with the age of the tumor, was 
observed in the ascorbic acid concentration 
of leukosis 72942. 


the oldest tumors was approximately twice 


The concentration in 


that in the youngest. This correlation is 


shown in figure 1. None of the other neo- 


plasms examined showed a similar relation 
between tumor age and ascorbic acid con- 
tent. The possibility was considered that 
this increase in ascorbic acid might be 
related to an acceleration of rate of growth. 


* Leukosis Y103 arose in a strain dba (212) 
mouse after painting with methylcholanthrene. 
Dr. G. B. Mider considered the cell type in- 
volved in this generalized leukosis as probably 
being a very immature lymphoid element. 

* Leukosis line P1534, a spontaneous “stem- 
cell” leukemia, was obtained from Law (16) 
and has been transplanted with uniform success 
in mice of the dba strain, subline 212. 
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ASCORBIC ACID CONCENTRATION 
MILLIGRAMS PER 100 GRAMS 


a L | 
10 20 30 
TUMOR AGE 


CAYS AFTER TRANSPLANTATION 


° 





° 


Ficure 1.—Effect of tumor age on the ascorbic 
acid content of leukosis 72942. 


The average growth rate, based upon in- 
crease in weight of tumor, was, however, 
constant from the twelfth to the twentieth 
day, and no correlation could be estab- 
lished. 

The ascorbic acid concentration in sev- 
eral tumors of glandular origin and in their 
respective normal tissues is shown in table 
3. In each case,-except the adrenal cortex, 
the normal organ is a complex of different 
types of tissue and would not be a suitable 
comparison. Thus, the gastrointestinal 
system comprised smooth muscle as well as 
glandular tissue, whereas the hyperplastic 
mammary tissue and lungs contained large 
amounts of connective as well as glandular 
tissue. It was possible to control this factor 
in studies of intestine and glandular stom- 
ach by making use of a larger animal and 
separating muscle and mucosa. The result 
of the determination of ascorbic acid in the 
separated muscle and mucosa of the rabbit 
showed unexpectedly that the concentra- 
tion in stomach mucosa and smooth muscle 
was identical, and that the concentration 
in intestinal smooth muscle and mucosa 
was also the same but considerably higher 
than in the stomach. If one assumes that 
distribution of ascorbic acid is similar in the 
mouse, then the concentration in the whole 
small intestine or whole gastric portion of 












TABLE 3.—Ascorbic acid in tumors of glandular origin 
and in normal glandular tissues 


TABLE 4.—Ascorbic acid concentration in tumors a 
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homologous tissues 





Ascorbic acid 
per 100 gm. of 





Num- fresh tissue 
Tissue ! ber of asiaiien -_ 
animals 
Aver- 
Range age 


Ascorbic acid | 
100 gm. of fres 


Num- tissue 
Tissue ber of —_ 
animals 
Range | Ave! 


age 








Milli- | Mill- 


Adenocarcinoma of the py! lorie grams | grams 

stomach in C3H mice (17) 4) 19-24 2 
Pyloric stomach of C57 Brown } 

mice 22 21-22 22 
Mucosa of rabbit stomach 2 6-7 7 
Adenocarcinoma of the small 

intestine in A mice (18) 5 41-46 43 
Small intestine of fasted A mice? ll 52-61 55 
Intestinal mucosa of rabbits 2 27-40 34 
Spontaneous Mammary adeno- 

carcinoma 3 35 19-57 34 
Hyperplastic mammary tissue 

of lactating C3H mice 4 10-11 10 
Hyperplastic mammary tissue 

of pregnant C mice 4 8-10 9 
Adenoma (adenocarcinoma?) ‘ 

(20) of the adrenal cortex in 

strain C mice 8 16-23 20 
Adrenal cortex of cattle 4 . 150 
Pulmonary adenocarcinoma F 

in A mice (22) 7 31-36 33 
Lungs of mice 5 24 18-28 24 





Numbers in parentheses refer to literature references in 
which the tumors are described. 

2 Hopkins (19) reported a twofold increase in rat intestinal 
ascorbic acid due to fasting. The concentration in mice 
feeding normally would probably be somewhat lower than 
the values reported here. 


Tumors from C3H, C, CXC3H, and IXC3H mice. No 
strain differences were observed. 

‘ Data for cattle adrenals reported by Glick and Biskind 
(21). Several investigators have found similar concentrations 
in the adrenals of other species. 

The values for strains A, C, and C3H mice were averaged 
as no strain differences were observed. 


the stomach might justifiably be compared 
with that in the corresponding tumor. 

The ascorbic acid concentrations in 
tumors which do not fit into the classifica- 
tions in the preceding tables are given in 
table 4. The tumors analyzed were 
salivary-gland tumors in two strains of 
mice (13), a rhabdomyosarcoma (23), 
squamous-cell carcinoma of the forestom- 
ach (24), an osteogenic sarcoma (25), 
an osteoma (26), and four fibrosarcomas, 
Jensen sarcoma, Crocker sarcoma 180, $37, 
and fibrosarcoma 4801 (27). For all 
tumors the ascorbic acid concentration 
of a comparable normal tissue was 
determined. 

Reported analyses of ascorbic acid con- 
centrations in the tissues of normal animals 
indicate a progressive diminution with age 








Milli- | Mili 


Spindle-cell carcinoma of sali- grams | gram 
vary gland in A mice_-_-__-- 5 14-17 15 
Spindle-cell carcinoma of sali- 
vary gland in C mice_-_-- 6 17-24 y.| 
Retrolingual salivary gland ! 47 19-49 33 
Rhabdomyosarcoma in C mice 6 19-30 2t 
Leg muscle ; 6 | 3.7-4.9 $ 


Squamous-cell carcinoma ‘of the 
forestomach in C57 Brown 


mice pica . 6 15-26 19 
Forestomach 29 34441 38 
Jensen sarcoma in rats 5 30-49 39 
Fibrosarcoma 4801 in C3H mice 3 21-25 2 
Crocker sarcoma 180 in C mice 39 931 19 
837 in dba mice 2 18-21 20 
Connective tissue fascia from 

rabbits 2/| 1.7-3.6 2.7 
Omentum (fat-free) from rab- 

bits 2/| 1.9-5.5 3.7 
Osteogenic sarcoma (Barrett) 

in C3H mice 4 35-40 37 
Fetal bone from swine _. 4 | 6.5-7.8 7 
Bone tumor 118/85 in I K C3H 

mice. : 5 20-23 21 





! The values for salivary glands from strains A and C mice 
were averaged. 


(8,28). The effect of the age of the host 
on the concentration of ascorbic acid in 
tumors was investigated. 
pear in table 5. The age of the host 
appeared to exert no significant influence 
on the ascorbic acid concentration of the 
three neoplasms studied. Possibly the use 
of very large samples might increase the 
significance of the small difference found 


The results ap- 


TABLE 5.—Effect of age of host on ascorbic acid con- 
centration in tumors 





Ascorbic acid 


T .| concentration 
Age of Tumors Ne 


ana- 
lyzed 


Tumor 








host 
anaes | Avet- 
Range age 


Miili- | Milli- 
Months | Number| grams | grams 


Crocker sarcoma 180 ! 2 6 te 18 
- 7 - 24 6 23 19 
Leukosis 1534 - ; ca. 2.5 5 rs 52 4} 
Do_. ‘ > 14 6 40-49 44 
Spontaneous mammary | 
adenocarcinoma 5. 5-8.0 8 26-45 3 
a 24. 0-28. 7 9 19-57 2 





1 Crocker sarcoma 180 in 2-month-old mice reached an aver 
age size of 2.6 gm. after 12 days, whereas the tumor in 24- 
month-old mice weighed 1. 2 gm. after 13 days. 
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n the case of spontaneous mammary 
denocarcinomas. 

Crocker sarcoma 180 was transplanted 
nto various tissues to examine the effect 
if site on the ascorbic acid content. The 
esults (table 6) show no differences, with 
he possible exception of the slightly ele- 
ated values found for the tumors which 
erew intradermally. However, this differ- 
nce might be owing to the fact that intra- 


[aBLE 6.—Relation of site of injection to ascorbic acid 
concentration of Crocker sarcoma 180 in strain C 
mice 





Ascorbic acid 

concentration 

per 100 gm. of 
fresh tissue 


Aver- 
Number 

Site of injection of 
animals 


ae | 
Range age 


Milli- | Milli- 


grams grams 
Intraperitoneal - - - - ¢ 9-31 
Intramuscular ___-----. 16-24 
Subcutaneous ---_ 12-19 
Intrahepatic ; 14-21 
Intradermal___-_- 22-31 





2 duplicate analyses. 


NORMAL TISSUES 


poocacee 


FREQUENCY 


TUMORS 





dermal transplants, which grew much 
slower, were firmer than tumors growing in 
other tissues. 


DISCUSSION 


Biochemical characterization of neo- 
plasms has shown that the concentration 
of the B vitamins is remarkably similar 
for all neoplasms (29, 30). The ascorbic 
acid concentration was not so constant, 
varying from 15 mg. per 100 gm. of tissue 
in a spindle-cell carcinoma of the salivary 
gland to 70 mg. per 100 gm. in leukemic 
lymph nodes. However, the variation of 
ascorbic acid in tumors was less than that 
between normal tissues. A comparison of 
the distribution of ascorbic acid concentra- 
tions in tumors and normal tissues is illus- 
trated by the histograms in figure 2. A 
third histogram shows the distribution of 
one of the B vitamins, 
tumors. 

Since the concentration of ascorbic acid 


riboflavin, in 


TUMORS 


ae » 





40 50 ®) 70 ? 100 


ASCORBIC ACID CONCENTRATION 


MILLIGRAMS PER 100 GRAMS OF FRESH TISSUE 


20 30 40 50 60 
RIBOFLAVIN CONCENTRATION 
MICROGRAMS PER GRAM ORY TISSUE 


FicurE 2.—Distribution of ascorbic acid concentrations between tumors and between normal tissues, 


and the distribution of riboflavin concentration between tumors. 


The frequency is the number 


of different tumors or normal tissues having an average concentration lying within the range 


indicated. 
taken from the literature. 


The solid lines indicate data obtained by the author; the dotted lines include values 
Dash-dot line represents the median. 
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in tumors varied over a wide range, an 
attempt was made to correlate it with 
When 


the data were broken down into two 


some other properties of tumors. 


groups, carcinomas and sarcomas, the as- 
corbic acid concentration exhibited the 
same variation within either group; there 
was no significant difference between the 
means of the two groups. The average 
concentration of ascorbic acid in 15 sar- 
comas reported in the literature and ana- 
lyzed in the study was 29.9 mg. per 100 gm. 
(range 14 to 61) and of 12 carcinomas 
32.7 mg. per 100 gm. (range 14 to 64). 
The data show further that there was 
no correlation of the ascorbic acid concen* 
tration of the neoplasm with that of its 
tissue of origin. Thus, the tumor of the 
adrenal cortex, a neoplasm derived from 
a tissue containing a very high concentra- 
tion of ascorbic acid, contained less of the 
vitamin than did mammary adenocarci- 
noma, rhabdomyosarcoma, or the fibrosar- 
comas, neoplasms derived from _ tissues 
having low concentrations of ascorbic acid. 
Further examination of this type to see 
whether tumors are generally higher or 
lower than the corresponding normal tis- 
sues showed that 7 of the tumors analyzed 
have a lower concentration and 11 a 
higher concentration than the tissue of 
origin and 4 about the same concentration. 
Ascorbic acid concentration in normal 
tissues has been considered to bear a gen- 
eral physiologic relationship to rate of 
growth (8). However, this study sug- 
gested no similar relationship for neo- 
plasms. Hepatoma 31 did not grow as 
fast as either regenerating or fetal liver but 
had a higher ascorbic acid concentration; 
the adrenal in the adult animal certainly 
grows much slower than the adrenal tu- 
mor, yet the vitamin C content was con- 
siderably higher. Even if rates of growth 
and ascorbic acid concentration in the 


same tumor type were compared, no cor- 


relation was evident. Four tumors in thi 
study permitted this type of comparison 
the tumor of the adrenal cortex, leukosi 
72942, Crocker sarcoma 180, and th 
mouse hepatomas 587 and 98/15. 

The tumor of the adrenal cortex gre 
more rapidly in successive transplant 


without undergoing chang 


Thus the third generation transplant gre\ 


histologic 


to an average size of 2 gm., the fourth 
generation transplant to 5 gm., and th 
fifth to 13 gm. in 2 months. The vitami: 
concentration was the same in all thre: 
In the case of leukosis 72942, as- 
corbic acid increased with age of the tu- 
mor, but the rate of growth from th 
twelfth to the twentieth day was the same. 
No difference in ascorbic acid concentra- 


groups. 


tion of Crocker sarcoma 180 in young and 
old mice was observed although the tumor 
reached an average size of 2.6 gm. 12 days 
after 2-month-old 
mice, whereas the size was only 1.2 gm. in 
24-month-old mice. 

An apparent rough correlation between 
rate of growth and ascorbic acid content 


transplantation into 


was evident in the two mouse hepatomas, 
but in this case another difference between 
the two tumors might have been of more 


importance. Hepatoma 98/15 not only 
grew more slowly and contained less ascor- 
bic acid than hepatoma 587 but invariably 
was more necrotic and contained large 
amounts of encysted blood. Edlbacher 
and Jung (3/7) and Woodward (4) showed 
that the necrotic portion of tumors con- 
tains very little ascorbic acid. Our ex- 
perience fully corroborated this finding 
Although all tumor specimens were freed 
as far as possible from necrotic material, 
small amounts might have remained and 
have been responsible for the observed 
small differences in ascorbic acid content 

From the preceding, it is evident that 
the ascorbic acid concentration of tumor 
was not found to be uniform, nor was th: 
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ariation related to differences in other 
umor characteristics. The concentration 


f this vitamin seemed to be a property 


f the individual tumor and not affected 
yy such factors as rate of growth, age of 
1ost, site of growth, or the ascorbic acid 
ontent of the parent tissue. 


SUMMARY 


The ascorbic acid content of 22 tumors 
and of comparable normal tissues was 
determined. 


The ascorbic acid concentration of the 
tumors ranged from 15 to 70 mg. per 100 
gm. of fresh tissue. 

The ascorbic acid content of the tumors 
was not related to that of the tissues of 
origin. 

No correlation between ascorbic acid 
concentration and rate of growth was 
evident. 

Neither age of host nor site of transplan- 
tation materially affected the ascorbic acid 
concentration in the tumor. 


REFERENCES 


BoyLanp, E.: <A note on glutathione 
and vitamin C in tumour tissue. Bio- 
chem. J., 27: 802-805 (1933). 

Watson, A. F., and Mitroto, M.: Note 
on reducing activity of the tissues of nor- 
mal and tumour-bearing rats and mice. 
Biochem. J., 28: 811-814 (1934). 

Watson, A. F.: The chemical reducing 
capacity and vitamin C content of 
transplantable tumours of the rat and 
the guinea-pig. Brit. J. Exper. Path., 
17: 124-134 (1936). 

Woopwarp, G. E.: Glutathione and as- 
corbic acid in tissues of normal and 
tumour-bearing albino rats. Biochem. 
J., 29: 2405-2412 (1935). 

Fuyrwara, T., NAKAHARA, W., and Kr1- 
sui, S.: Comparison of chemical com- 
position between hepatoma and normal 
liver tissues. VII. Ascorbic acid and 
glutathione. Gann, 32: 107-115 
(1938). 

Ix1, H.: Uber freies Cystein und redu- 
ziertes Glutathion in Leberkrebsgewebe. 
Gann, 33: 216 (1939). 

CARRUTHERS, C., and SuNTZzEFF, V.: 
Influence of limited application of 
methylcholanthrene upon epidermal iron 
and ascorbic acid. J. Nat. Cancer 
Inst., 3: 217-220 (1942). 

Bessey, O. A., and Kine, C. G.: The 
distribution of vitamin C in plant and 
animal tissues and its determination. 
J. Biol. Chem., 103: 687-698 (1933). 

Musutin, R. R., SmtverBLaTT, E., and 
Kino, C. G.: The titration and bio- 
logical assay of vitamin C in tumor tis- 
sue. Am. J. Cancer, 27: 707-711 
(1936). 

Keri, A. E., and Zitva, S. S.: The 
identity of the indophenol-reducing sub- 
stance in the Jensen rat sarcoma. 
Biochem. J., 30: 1216-1220 (1936). 

Voectiin, C., Kan ver, H., and JoHn- 
son, J. M.: The colorimetric and 
spectrophotometric determination of vi- 


tamin C in malignant tumors. Am. J. 
Cancer, 29: 477-482 (1937). 

(12) Wuite, J., Datton, A. J., and Epwarps, 
J. E.: Pathology of rat hepatoma 31. 
J. Nat. Cancer Inst., 2: 539-554 
(1942). 

Lippincott, S. W., Epwarps, J. E., 
Gravy, H. G., and Stewart, H. L.: 
A review of some spontaneous neo- 
plasms in mice. J. Nat. Cancer Inst., 
3: 199-210 (1942). 

Epwarps, J. E., Datton, A. J., and An- 
DERVONT, H. B.: Pathology of a trans- 
plantable spontaneous hepatoma in a 
C3H mouse. J. Nat. Cancer Inst., 2: 
555-563 (1942). 

Murpnuy, J. B., and Sturm, E.: The 
transmission of an induced lymphatic 
leukemia and lymphosarcoma in the 
rat. Cancer Research, 1: 379-383 
(1941). 

Law, L. W.: Foster nursing and the 
growth of transplantable leukemias in 
mice. Cancer Research, 2: 108-115 
(1942). 

Stewart, H. L., and Lorenz, E.: Ad- 
enocarcinoma of the pyloric stomach 
and other gastric neoplasms in mice 
induced with carcinogenic hydrocar- 
bons. J. Nat. Cancer Inst., 3: 175- 
189 (1942). 

Lorenz, E., and Stewart, H. L.: In- 
testinal carcinoma and other lesions in 
mice following oral administration of 
1, 2, 5, 6-dibenzanthracene and 20- 
methylcholanthrene. J. Nat. Cancer 
1: 17-40 (1940). 

Hopkins, F. G.: The effect of incom- 
plete diets on the concentration of as- 
corbic acid in the organs of the rat. 
Biochem. J., 29: 2803-2819 (1935). 

Datton, A. J., Epwarps, J. E., and An- 
DERVONT, H. B.: A spontaneous, trans- 
plantable, adrenal cortical tumor arising 
in a strain C mouse. J. Nat. Cancer 
Inst., 4: 329-338 (1943). 





328 


(21) 


99) 


(23) 


(24) 


95) 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Guicx, D., and Bisxinp, G. R.: The 
histochemistry of the adrenal gland. I. 
The quantitative distribution of vita- 
min C. J. Biol. Chem., 110: 1-7 
(1935). 


ANDERVONT, H. B.: 
in mice. 
duced lung tumors. 
52: 347-355 (1937). 


NETTLESHIP, A.: Study of a spontane- 
ous mouse rhabdomyosarcoma. J. Nat. 
Cancer Inst., 3: 563-568 (1943). 


Lorenz, E., and Stewart, H. L.: Squa- 
mous-cell carcinoma and other lesions 
of the forestomach in mice following 
oral administration of 20-methylcholan- 
threne and 1, 2, 5, 6-dibenzanthracene. 
(Preliminary report.) J. Nat. Cancer 
Inst., 1: 273-276 (1940). 

Barrett, M. K., Darton, A. J., GREEN- 
STEIN, J. P., and Epwarps, J. E.: 4 
transplantable osteogenic sarcoma origi- 
nating in a C3H mouse. J. Nat. Can- 
cer Inst., 4: February (1944). 


Pulmonary tumors 
III. Serial transmission of in- 
Pub. Health Rep. 


(26) EscHENBRENNER, A. B., and Datton, A 
J.: A transplantable osteoma arisin¢e 
in a hybrid (I X C3H) mouse. J. Nat 
Cancer Inst., 4: (1944 

Epwarps, J. E., Darton, A. J., Wut: 
J., and Wuirte, T. N.: A spontaneou 
fibrosarcoma of the foreleg and paw i 
a C3H mouse. J. Nat. Cancer Inst 
3: 191-198 (1942). 

Kratimova, E. R., and Bossis, R. B 
Altersbedingte Anderungen des Asco 
binsduregehalts in der Organen vo: 
weissen Ratten und Meerschweinche: 
Bull. de biol. et de med. exper. (U. S 
S. R.) 7: 101 (1939). 

Potiack, M. A., Taytor, A., and WI-- 
LiAMS, R. J.: B-vitamins in human, rat 
and mouse neoplasms. Univ. Texas 
Publ. 4237: 56-71 (1942). 

RoBertson, W. v. B., and KAHLER, H.: 
Riboflavin content of tumor tissues. J. 
Nat. Cancer Inst., 2: 595-600 (1942). 

EpLBACHER, S., and Juno, A.: Zur 
Kenntnis der reduzierenden Substanzen 
der Gewebe. Ztschr. f. physiol. Chem., 
227: 114-117 (1934). 





A Spontaneous, Transplantable, Adrenal 
Cortical Tumor Arising in a Strain C' 
Mouse 


By AtBert J. Darton, cytologist; Jesse E. Epwarps, formerly research fellow, and 
Howarp B. ANDERVONT, principal biologist, with the technical assistance of Vircinia 
C. Briccs, National Cancer Institute, National Institute of Health, United States Public 


Health Service 


Few spontaneous adrenal cortical tu- 
mors have been described as arising in 
laboratory animals; it is felt that a record 
of the present case might be of some 
interest. 

The tumor was found in the right adre- 
nal of a 24'4-month-old strain C female 
mouse of the colony maintained at the 
National Cancer Institute and has been 
designated “adrenal tumor C-199.” It 
was transplanted subcutaneously into two 
young strain C females on November 24, 
1941, and was found positive in one May 
|, 1942, and in the other on June 2, 1942. 
In succeeding generations the growth rate 
rapidly increased, so that in the fourth 
generation, transplants were found posi- 
tive 5 days after transplantation. The 
tumor is now in the eleventh generation, 
and transplantation has been successful 
following all subcutaneous inoculations. 
While the number of animals involved is 
rather small, evidence is accumulating that 
a considerable difference in growth rate of 
the tumor exists which appears to be de- 
pendent on the sex of the host. the tumor 


growing more rapidly in males. 
PATHOLOGY 


PRIMARY TUMOR 


At autopsy, the right adrenal of the 
original host was enlarged to 4 mm. and 


was of normal color. Gross metastases 


DHGS2O—43 


were not found. On histologic examina- 
tion it was found that tumor tissue had 
replaced all of the medullary tissue and all 
except a narrow strip of cortex (fig. 1). 

The tumor was composed of closely packed 
cords of cells which showed a close asso- 
ciation with the numerous capillaries of 
the tumor. These cords were usually two 
to four cells thick, and their outer limits 
were frequently demarcated by a delicate 
strand of reticulum which lay interposed 
between the epithelial cord on one side 
and the adjacent capillary on the other 
(fig. 2). 


indistinct cytoplasm and a relatively large, 


The tumor cells showed a very 


spherical or ovoid, heavily staining nucleus 
with a fairly prominent nuclear mem- 
A considerable number of small 
chromatin granules were regularly present, 
either distributed through the 
nucleus, or more often concentrated im- 


brane. 
evenly 


mediately beneath the nuclear membrane. 
One relatively large, prominent, basophilic 
nucleolus was characteristic. A few mi- 
totic figures were noted. 

The tumor had no capsule, and it was 
markedly compressing the remaining small 
amount of normal adrenal tissue and 
actually invading it as well. 


Strain C mice are albino animals originally 
obtained from Dr. Snell, of the Roscoe B. 
Jackson Memorial Laboratory, in 1935 when 
they were in the F:; generation of inbreeding. 
This tumor arose in a mouse of the Fg gen- 
eration of inbreeding. 
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TRANSPLANTS 


At autopsy the transplants were regu- 
larly found to possess an extraordinarily 
well developed blood supply, and section 
of the growth always gave evidence of its 
excessive vascularity by the rapid welling 
of blood from the cut surface. The tumor 
cells of the transplant appeared similar to 
the cells of the primary tumor with per- 
haps two exceptions—the cytoplasm ap- 
peared to stain more intensely and was 
eosinophilic. The cell membranes, while 
at times easily discernible, were often in- 
distinct, thus producing a syncytium-like 
appearance of the tumor cords (fig. 3, A)’. 
Mitotic figures were much more numerous 
While in 
certain areas of the transplant the cell 
cords were closely packed (fig. 3, B), in 


than in the primary tumor. 


~ 


~S 
~~ 


| * 
22 a. om *s 


Ficure 1. 


other areas (fig. 3, A) the epithelial corc 

lay parallel to each other and were sep: 

rated by rather wide endothelial-line 

sinusoids, recalling the pattern of tl 

adrenal cortex and other endocrine gland 

No rosette formations were found in an 

of the transplants or in the primary tumo: 
The tumor contained considerable reticu- 
lum in the form of varying-sized strands 
The thicker fibers usually lay at the pe- 
riphery of masses of epithelial cells thus 
emphasizing the distinct cord formation 
(fig. 4, A). There was some penetration 
of delicate fibers among individual tumor 
cells (fig. 4, B), but the fundamental pic- 
ture of a cord arrangement was always 
maintained. While reticulum was regu- 
larly present, the phosphotungstic acid- 
haematoxylin stain failed to demonstrate 
any intracellular fibers in the tumor cells. 


Section of the primary tumor showing a small amount of normal cortical tissue in the 


upper part of the field. The small size of the tumor cells is obvious when compared with thx 


normal cortical cells. 


Zenker-formol fixation, haematoxylin and eosin stain. X 160. 





ADRENAL CORTICAL TUMOR ARISING IN A STRAIN C MOUSE 


Ficure 2.—Primary tumor showing the distribution of reticulum with coarser fibers surrounding 


groups of cells and finer fibers extending between individual cells. 


Laidlaw’s stain for reticulum. 


x 465. 


A definite capsule was regularly present 
around the transplant, but this capsule ap- 
peared to be continually invaded by tumor 
tissue, either diffusely (fig. 5) or in the 
form of distinct cords. 

Necrosis was found regularly in the large 
tumors but to a lesser degree than, in our 
experience, is characteristic of the majority 
of transplantable neoplasms. In recently 
formed areas of necrosis an infarctlike 
process was apparent, while in the older 
areas most of the necrotic tumor tissue 
had been removed, and resulting inflam- 
matory cells lay about the margin. 

Stains for fat with sudan IV and osmic 
acid revealed the presence of smal] 
amounts of fat scattered in viable cells. 
Large amounts were found in areas of focal 


necrosis. In sections of tumor tissue from 


the first two generations of transplants 


Zenker-formol fixation and 


treated with osmic acid, cells were fre- 
quently encountered which, because they 
contained osmiophilic droplets, appeared 
remarkably like the cells of the zona fasic- 
ulata of the normal adrenal glands (fig. 
6, A, and B). Such cells have not been 
noted in later transplants, i. e., in trans- 
plants which have achieved a more rapid 
growth rate. Bearing in mind the systemic 
changes noted in animals with hyperplastic 
adrenal glands by Fekete, Woolley, and 
Little (1), Woolley, Fekete, and Little 
(2-4), and Gardner (5), we carefully ex- 
amined the host animals for gross and 
histologic changes, particularly in the uro- 
genital system and in the adrenal glands. 
No changes were noted in the kidney, 
heart, blood vessels, liver, pancreas, spleen, 
lymph nodes, or lungs. However, in female 
mice focal edema was noted in the deeper 
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Figure 3.—Section of a first-generation transplant. A, Tumor cords separated by wide sinusoids 
B, More solid areas of the tumor. Both A and B, Zenker-formol fixation and haematoxylin and 
eosin stain. X 225. 
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Figure 4.—First-generation transplant. A, Distribution of reticulum similar to that in the primary 
tumor. X 235; B, Distribution of the coarser reticulum fibers between cell cords and the 
neighboring sinusoids, and finer fibers between individual tumor cells. X 465. Both A and 


B, Zenker-formol fixation and Laidlaw’s stain for reticulum. 
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Ficure 5.—Diffuse invasion of the capsule by tumor cells in a second-generation transplant. 
Zenker-formol fixation and haematoxylin and eosin stain. x 160. 


layers of the endometrial stroma of the 
uterus. No changes were noted in the 
genital system of male hosts. Also the loss 
of lipid characteristic of the adrenal glands 
of tumor-bearing animals * was not noted 
in the adrenals of either male or female 
hosts bearing this tumor. 


CyTopPpATHOLocy * 


As indicated previously, the tumor cells 
possessed relatively little cytoplasm, and 


the cell boundaries were characteristically 


indistinct. The Golgi substance consisted 

of a small knot of osmiophilic material in 

close contact with the nuclear membrane 

(fig. 7, A). This type of arrangement of 

the Golgi material is not like that of any 
* Data to be published in this Journal. 


* For details of the cytologic methods em- 
ployed, see Dalton and Edwards (6). 


of the functional adrenal cortical cells as 
described by Bourne (7) and Dornfeld 
(8, 9). It is similar, however, to that 
present in the cells transitional between 
capsule cells and true glomerulosa cells 
and is similar to the Golgi material of cells 
of the adrenal cortical adenomas occa- 
sionally found in the adrenals of old strain 
C female mice (fig. 7, B). The cells of 
these growths in some instances contain 
small amounts of lipoid (fig. 6, B). 
Mitochondria of the capsule and transi- 
tional cells of the adrenal cortex have 
been found to be mostly filamentous in 
form, while those of the zona glomerulosa 
and zona fasciculata are mostly very small 
spheres with a few rods or filaments inter- 
spersed between them. The mitochondria 
of the tumor cells were somwhat variable 
in form. Those of the smallest cells were 
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Ficure 6.—A, Section of an adrenal of a 23-month-old strain C female mouse at the junction 
between an adrenal cortical adenoma and normal adrenal cortical tissue. The cells of the 
adenoma (left) contain few and scattered lipoid droplets compared with the normal fasciculata 
cells at the right. B, Section of first-generation transplant of the adrenal tumor showing scat- 
tered lipoid-filled cells similar to normal cortical cells in A. Both A and B, Champy fixation 
and osmic acid impregnation. x 1300. 
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A, First-generation transplant showing the small amount of juxtanuclear Golgi material 
characteristic of the tumor cells. Scattered lipoid-filled cells appear near the lower margin; 
B, Section of an adrenal of a 23-month-old strain C female mouse showing the Golgi material 
present in an adrenal cortical adenoma. The position and character of the Golgi material is 


similar to that of the adrenal tumor in A. Both A and B, Champy fixation and osmic acid 
impregnation. 1300. 
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Figure 7. 
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Ficure 8.—A, Sphericai :nitochondria characteristic of the majority of the cells of the first-generation 
transplant of the adrenal tumor; B, Mitochondria of cells of the fourth-generation transplant. 
They are very thin, tenuous filaments. Both A and B, Regaud fixation and Heidenhain’s 
iron haematoxylin stain. > 1300. 





338 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


filamentous, while in the cells with larger 
amounts of cytoplasm and in cells contain- 
ing lipoid droplets, they were predomi- 
nantly spherical. In general, larger cells 
containing spherical mitochondria were 
characteristic of the first two generatigns 
of transplants (fig. 8, A) and smaller cells 
with filamentous mitochondria have been 
found to be characteristic of later genera- 
tions (fig. 8, B). 


DISCUSSION 


The general architecture and the his- 
tologic and cytologic evidence support the 
view that the tumor arose originally from< 
relatively undifferentiated cells of the ad- 
The work of Salmon and 
Zwemer (10) indicates that such cells exist 
in the normal gland since they have shown 
that new functional cells are continually 
being formed as a result of the differentia- 
tion of the inner capsule cells. 


renal cortex. 


The spon- 


taneous adenomas described herein and 
the nodular hyperplasias described by 
Woolley, Fekete, and Little regularly aros« 
in a subcapsular position. Gardner stated 
that the origin of the hyperplastic cortical 
tissues in his studies could not be deter- 
mined accurately but that they appeared 
to originate in the zona glomerulosa. It is 
suggested that these adenomas and th 
adrenal tumor C 199 originated in the 
same region and from similar cells. 

The failure to find any evidence of 
metastases in the original host and in the 
hosts of later generations of transplants 
suggested that the neoplasm was relatively 
benign in character. However, the rapid 
growth rate attained in later generations 
plus the evidence of invasion of the capsule 
by the tumor cells indicated a certain 
degree of malignancy. For these reasons 
the tumor has been tentatively diagnosed 
as a carcinoma of the adrenal cortex of low 
grade malignancy. 
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